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CHAPTER 1. INTRODUCTION 
Over the last ten years, satellite observations have discovered 
galactic gamma-ray sources. Most of these sources are not identified 
with known astronomical objects and the physical mechanism of the gamma-
ray emission is not understood. The four gamma-ray sources which are 
identified have clear radio astronomy counterparts; it can even be argued 
that the identifications are based on analysis of radio data. In this 
thesis, I consider possible radio counterparts of the galactic gamma-ray 
sources, and the possibility of identifying the sources by radio observa­
tions. 
This first chapter will introduce the gamma-ray sources. The COS-B 
satellite and mission will be considered in some detail. I will present 
the COS-B catalog and discuss the gamma-ray data from this satellite. 
The prospects of identifying the COS-B sources by optical. X-ray, and 
radio observations will be considered. It is plausible that there will 
be detectable radio counterparts of the gamma-ray sources. 
The second chapter contains a discussion of the radiation mechanisms 
likely to be responsible for the emission of radio and gamma-ray radiation. 
The third chapter presents an overview of gamma-ray source models and 
considers the radio emission implied by these models. The fourth chapter 
consists of four papers which report original research involving radio 
observations of specific gamma-ray sources. This thesis concludes with a 
presentation of existing radio observations for each of the 22 unidenti­
fied gamma-ray sources. 
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Gamma-Ray Sources 
The first galactic gamma-rays were detected by an instrument aboard 
the OSO-3 satellite which was launched in 1967. This instrument detected 
a clear enhancement of gamma-rays from the galactic center region 
(Kraushaar et al., 1972). The early efforts to detect gamma-rays have 
been reviewed by Fazio (1973). 
The study of gamma-ray sources can be dated from November 15, 1972 
with the launching of the SAS-2 satellite. This was the first gamma-ray 
detector with sufficient resolution (a few degrees) to detect sources. 
The satellite operated from November 19, 1972 until June 8, 1973 when 
the power supply failed. Details of the spacecraft and its mission were 
presented by Fichtel et al. (1975). The SAS-2 mission detected four 
gamma-ray sources (the Crab and Vela pulsars, Cyg X-3, and ^195+5). The 
final results of the SAS-2 mission have been presented by Hartman et al. 
(1979). 
The COS-B satellite of the European Space Agency was launched on 
August 9, 1975 and operated until turned off on April 25, 1982 (Bignami 
and Hermsen, 1983). The details of the satellite's history, character­
istics, operation, and performance are presented by Hermsen (1980). An 
analysis of the first 2% years of COS-B data resulted in a catalog of 
25 unresolved gamma-ray sources (Swanenburg et al., 1981). Henceforth, 
I shall primarily consider the COS-B data simply because there is much 
more of it. 
The COS-B detector consisted of a spark chamber and an energy cal­
orimeter surrounded by a charged particle detector which discriminated 
against cosmic-rays. Incident gamma-rays produce electron pairs in the 
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spark chamber, and the electron tracks are analyzed to determine the 
arrival direction of the gamma-rays. The instrument has an energy thres-
2 hold of about 30 MeV with a maximum effective area of 70 cm for normally 
incident 400 MeV photons. 
The procedure used to identify sources in the collected COS-B data 
is described by Hermsen (1980). The response of the detector to a point 
source of gamma-rays (called the pointspread function, PSF) was deter­
mined prior to launch. The gamma-ray events were collected and gridded 
into a two-dimensional map. The PSF was then convolved with the gamma-
ray map and the resulting cross-correlation function used to detect 
sources. A gamma-ray source is defined as a statistically significant 
correlation between the PSF and the gamma-ray data. 
The cross-correlation analysis of the first years of data led to 
the publication of the second COS-B catalog containing 25 sources 
(Swanenburg et al., 1981). The catalog is reproduced (from Bignami and 
Hermsen, 1983) as Table 1.1. The average properties of the unidentified 
sources as determined by Bignami and Hermsen (1983) are presented as 
Table 1.2 which clearly shows that this is a primarily galactic population. 
The accuracy and completeness of the COS-B catalog is addressed by 
Hermsen (1980). The instrument is both sensitivity and confusion limited. 
A source must be strong enough to produce a detectable signal in the 
detector. The weakest source in the catalog (2CG289+64) has a flux of 
0.6 X 10 ^ photons cm ^s ^ in a region of very low background intensity. 
A source must also be visible above the galactic background. The weakest 
-6 
sources detected in the galactic plane have fluxes of ~1 x 10 photons 
-2  -1  
cm s . In regions of the galaxy where the background is large, the 
Table 1.1. The COS-B catalog 
Position 
No. of Error 
observa­ 1 b radius 
Source name tions (degrees) (degrees) 
2CG 006-00 3 6.7 -0.5 1.0 
2CG 010-31 1 10,5 -31.5 1.5 
2CG 013+00 4 13.7 +0.6 1.0 
2CG 036+01 3 36.5 +1.5 1.0 
2CG 054+01 3 54.2 +1.7 1.0 
2CG 065+00 4 65.7 0.0 0.8 
2CG 075+00 5 75.0 0.0 1.0 
2CG 078+01 5 78.0 +1.5 1.0 
2CG 095 04 3 95.5 +4.2 1.5 
2CG 121+04 3 121.0 +4.0 1.0 
2CG 135+01 3 135.0 +1.5 1.0 
2CG 184-05 4 184.5 -5.8 0.4 
2CG 195+04 3 195.1 +4.5 0.4 
2CG 218-00 3 218.5 -0.5 1.3 
2CG 235-01 2 235.5 -1.0 1.5 
2CG 263-02 4 263.6 -2.5 0.3 
2CG 284-00 1 284.3 -0.5 1.0 
2CG 288-00 , 1 288.3 -0.7 1-3 
2CG 289+64 . 2 289.3 +64.6 0.8 
2CG 311-01 2 311.5 -1.3 1.0 
2CG 333+01 3 333.5 +1.0 1.0 
2CG 342-02 5 342.9 -2.5 1.0 
2CG 353+16 4 353.3 +16.0 1.5 
2CG 356+00 1 356.5 +0.3 1.0 
2CG 359-00 3 359.5 -0.7 1.0 
^Assuming E ^  spectra. 
^Intensity (E > 300 MeV)/Intensity (E > 100 MeV), assuming E ^  
spectra calculating both intensities. 
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Flux* 
E>100 MeV 
(10_2 g^otons Spectral 
(cm s ) parameter Comments . Identification 
2.4 0.39±0.08 
1 . 2  
1.0 0.68±0.14 
1.9 0.27+0.07 
1.3 0.20±0.09 
1.2 0.24±0.09 
1.3 ... could be an 
2.5 — extended feature 
1.0 0.43±0.12 
1.0 0.31±0.10 
3.7 0.18±0.04 PSR 0531+21 
4.8 0.3310.04 yl95+5 
1.0 0.20±0.08 
1 . 0  . . .  . . .  
13.2 0.36±0.02 ... PSR 0833-45 
2.7 ... could be an ... 
1.6 — extended feature — 
0.6 0.1510.07 3C 273 
3.8 ... ... 
2.0 0.36+0.09 
1.1 0.2410.09 p Oph 
2.6 0.4610.12 prob. variable ... 
Table 1.2. Average properties of the unidentified COS-B sources 
Property Average value 
Average b -1.5° 
Angular size 
O C
NJ 
1 
o
 
o
 
Photon-flux range (100 MeV < E < 1 GeV) ~(l-5) X 10 ^ photon cm ^ s ^ 
Distance range 2-7 kpc 
Scale height < z >(300° < S, < 60°) < 130 pc 
Spectral shape different for individual objects, 
average dN/dE E 
Average photon energy ~ 250 MeV in the 100 MeV to 1 GeV range 
Energy-flux range (100 MeV < E < 1 GeV) ~(4-20) X 10 erg cm ^ 
Luminosity range (100 MeV < E < 1 GeV) "(0.4-5) X 10^^ erg s ^ 
7 
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confusion limit may be as large as 2 x 10 photons cm s . The accu­
racy with which the source parameters are determined depends on both 
the strength of the source and the background level. Hermsen estimates 
that there is a 5% possibility that any given source is spurious, hence 
one or two of the COS-B entries may be artifacts of the analysis. 
The source position and an error radius are given for each source. 
The error radius defines an area for which there a 90% confidence of the 
gamma-ray source lying in the circle. The source positions and flux 
levels are determined simultaneously by the cross-correlation technique. 
Therefore, errors in the source position (which could be as large as 1°) 
will cause errors in the flux. 
It appears that in the analysis of the COS-B data the sources are 
assumed to be point-like. However, the physical gamma-ray source may be 
extended. While it is not clear how extended a source may be and still 
appear in the catalog, the source 2CG353+16 demonstrates that they can be 
large. This source is now identified with the p Oph dark cloud (see 
Chapter 3). The dark cloud extends over at least 3® which shows that the 
sources can be quite extended. 
The quoted error on the source flux is ±15%. This estimate is 
probably somewhat optimistic. It seems possible that the flux values 
could be uncertain by a factor of 2 or more for weak and/or extended 
sources. 
Identification of the Sources 
There are four source identifications in the COS-B catalog which is 
presented in Table 1.1. The pulsars are firmly identified by timing 
8 
analysis (Chapter 3). The identification of 3C273 and p Oph are posi­
tional coincidences only. The other 21 sources are not identified. 
There are several reasons why very little optical work has been done 
on the COS-B sources. The positional uncertainties are so large that 
there will be a huge number of optical candidates. Optical obscuration 
will often prevent observations at the distance and galactic latitude 
(see Table 1.2) of the average source. Optical searches for SNR and 0-B 
associations have been made in the context of the SNOB model (see Chap­
ter 3) by Montmerle (1979). While optical observations can be valuable 
in investigating suggested gamma-ray source candidates, optical searches 
cannot be expected to produce the candidates. 
There was the expectation that the Einstein satellite (HEAO-2) would 
detect the X-ray counterparts of the COS-B sources. Therefore, more than 
200,000 seconds of observing time was used to investigate the COS-B 
sources. The results have been disappointing. Bignami and Hermsen (1983) 
state "although some of the data have still to be analyzed, at the time of 
this writing all of the above efforts have not yielded one unambiguous 
identification of a galactic gamma-ray source." As of June 1984, this is 
still true. 
This negative result places important constraints on allowable gamma-
ray source models. The gamma-ray sources are not strong X-ray emitters. 
For the unidentified gamma-ray sources, the ratio of luminosities L^/L^ 
> 100 i.e., a large fraction of the energy comes out as gamma-rays. 
It is at least plausible that the gamma-ray sources should be 
detectable by radio observations. Gamma-ray sources require large 
numbers of very high energy particles. If there are magnetic fields 
9 
present, the particles will emit synchrotron radiation. The particle 
fluxes may be so large that even weak fields will result in observable 
radio emission. 
13 
For a typical gamma-ray source, vS^ > 10 Jy*Hz (Sieber and 
Schlicheiser, 1982) where Sy is the flux density in Jy. It is routine 
at the VLA to observe to a level of vS^ = 5 x 10^ JyHz. The radio 
counterparts of the gamma-ray sources could be detected if the ratio of 
fluxes < ic/. 
The four suggested identifications in Table 1.1 are all based on 
radio observations. Furthermore, the gamma-ray source models (Chapter 3) 
are likely to produce detectable radio sources. It does seem reasonable 
that the gamma-ray sources will be seen in radio observations. 
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CHAPTER 2. RADIATION MECHANISMS 
In this chapter, I shall present four radiation processes that can 
lead to the emission of gamma-rays. The mechanisms involve the interac­
tions of nuclei with nuclei, electrons with nuclei (bremsstrahlung), 
electrons with photons (Compton effect), and electrons with magnetic 
fields (synchrotron emission). The three processes involving electrons 
will also be considered as mechanisms of radio emission. 
The discussion in this chapter will lead to the presentation of 
quantities which can be applied in astrophysical settings. At gamma-ray 
energies, volume emissivities will be presented as integral rates 
[q(E > Eg)] and/or differential rates [Q(E)]. A discussion of gamma-ray 
absorption will be presented. Absorption and emission coefficients 
[K(v),e(v)] will be presented for the radio mechanisms. The difference 
in formalism and notation between the two energy regimes is inconvenient 
but firmly established in the astronomical literature. 
The discussion which follows is primarily addressed to astronomers 
who may not be familiar with high-energy physics. The emphasis will be 
on the fundamental physics that goes into the calculations. The details 
of the mathematics and calculations will not be presented. For each 
mechanism, I shall discuss the approximations and assumptions that must 
be made to arrive at the published results for gamma-ray emission. 
Nucléon Interactions (7t° decay) 
Cosmic-ray nuclei will interact (strong force) with nuclei in the 
interstellar medium. In some of these reactions, neutral pions (7t°, rest 
11 
mass 135 MeV) will be produced. These 7i°s will decay electromagnetically 
into two gamma-rays approximately 99% of the time. 
While other nucleon-nucleon interactions can produce particles that 
decay by the emission of one or more gamma-rays, it is reasonable to 
ignore these reactions in the context of astrophysical gamma-ray produc­
tion. The higher rest mass of the particles, and the steep energy dis­
tribution of the cosmic-rays will cause these particles to be produced far 
less often than 7t®s. Also, for higher-mass particles, multiple decay 
channels are available, making the emission of gamma-rays less likely. 
The detailed physics of the production of 7T®s is not completely 
understood. Fortunately, accelerator data can be used in place of an 
analytical theory or model. The data are best presented as the product of 
cross-section a(cm ) and multiplicity % as a function of kinetic energy T. 
As the energy of the cosmic-ray particle is increased, the number of 
particles produced by the interaction will increase. Some of these par­
ticles will be 71°'s and others will decay into %°'s. The multiplicity 
term is the average number of n®'s produced, directly or indirectly, in 
the interaction. The cross-section term gives the likelihood that an 
interaction producing 7t®s will occur. 
The relevant accelerator data have been collected by Stecker (1973) 
and is reproduced in Figure 2.1. He represents the data by a broken 
power-law. 
0.4 < T < 0.7 GeV 
Ox(T)|n(T) = 
8.4 X 10 T > 0.7 GeV. 
(2 .1 )  
to 
T(GeV) 
Figure 2.1. Data on cross-section times multiplicity for neutral-pion 
production at accelerator energies. From Stecker (1973) 
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The number of 7i°s produced for each target proton is calculated by 
» 
\ = 471 I(T) a^(T) ^ (T)dT s"\ (2.2) 
where I(T) is the intensity of cosmic-ray protons as number cm ^ 
-1 -1 Ster GeV . Since each 71° decays to two gamma-rays, the integrated pro­
duction rate, q^, is twice N^. 
Uncertainties in the above integral arise from two sources. The 
accelerator data are uncertain by approximately 15% (Stecker 1973) and 
the cosmic-ray intensity by approximately 10% (see Appendix A). The net 
uncertainty in the value of is therefore approximately 20%. 
The integral in Equation 2.2 accounts for gamma-ray production only 
via p-p interactions. Gamma-rays will also be produced by p-Oî, a-p, and 
a-a interactions of cosmic-ray particles with interstellar matter. The 
procedure of Stecker (1973) is to treat a nucleus of n nucléons as n 
free protons. This approximation allows the result of Equation 2.2 to 
be simply multiplied by a numerical constant to obtain a result for R°s 
produced by all interactions. 
Since the elemental composition of cosmic-rays and interstellar 
matter is not well known, the above procedure is reasonable. It does 
introduce an additional source of error into the value of q^. The net 
7^1 
uncertainty in the published value of q^ is probably 30%-40%. 
The first published value of q^ is given by Ginzburg and Syrovatskii 
(1964, p. 379). They obtain q^ (E^ > 50 MeV) = 1 x lo"^^ s"V^ Stecker 
(1970) has calculated q^(E^ > 0) = 1.6 x g-ly-l stecker (1973) 
using the upper-limit cosmic-ray spectrum of Comstock, Hsieh, and Simpson 
14 
(1972) calculates that q^(E^ > 0) < 1 . 5  x Kniffen, Fichtel, 
and Thompson (1977) follow the procedure of Stecker with more recent 
cosmic-ray data to obtain q^(E^ > 100 MeV) = 1.3 x lo'^^ s 
To calculate the differential production rate, Q^(E^), requires a 
detailed kinematic model of n" production. Such a model has been used by 
Stecker (1970) to calculate the differential production spectrum shown in 
Figure 2.2. The exact shape of the spectrum depends on the details of the 
model. However, the general form of the spectrum is clear. The spectrum 
will be peaked at an energy of 67.5 MeV (one-half the n° rest mass) and 
will be symmetric about the peak in a log-log plot of intensity vs energy. 
Brems s trahlung 
Bremsstrahlung (braking radiation) refers to the interaction of 
moving electrons with atoms or nuclei. The bremsstrahlung cross-section 
will be used to obtain coefficients for gamma-ray and "thermal" radio 
emission, as well as an absorption coefficient for pair-production. 
From this point on, the physical mechanisms will involve the accel­
eration of particles by electric and/or magnetic fields. The forces on 
the particle will be proportional to the charge. The acceleration is 
inversely proportional to mass, and the radiation to acceleration squared. 
2 
Therefore, the radiation of a particle will vary as (e/m) where e is the 
charge and m is the mass. Thus, only radiation from electrons needs to 
be considered. 
The proper treatment of bremsstrahlung must be quantum mechanical. 
An electron of energy and momentum p^ makes a transition to energy 
E and momentum p in passing through the field of the nucleus. A 
15 
OTAL pp 
TOTAL pp*pa+ap+aa 
Ey(GeV) 
Figure 2.2. The calculated differential production spectrum produced 
cosmic-ray interactions of protons and alpha particles of 
Stecker (1970) 
16 
photon of energy k - - E will be emitted. The nucleus must be present 
to conserve momentum. 
There are certain simplifying assumptions made in all treatments of 
bremsstrahlung. First, the nucleus is taken to be sufficiently heavy that 
its recoil involves negligible energy. Second, the nucleus is taken to 
be a point charge. Third, all higher order corrections of radiation 
theory are omitted. Heitler (1954) has shown that these assumptions pro­
duce insignificant errors in the total cross-section. 
The first general solution of this problem was presented by Bethe 
(1934) and Bethe and Heitler (1934). They approximated the electrons by 
2 plane waves, used a pure Coulomb field, V = Ze /r, and the potential V is 
treated as a perturbation. This is the first Born approximation which is 
Ze^ 
valid in the limit that « 1 where v^ is the final velocity of the 
electron. Their result, with necessary corrections, is the basis of the 
following discussion. 
Gamma-ray emission 
For the emission of gamma-rays by bremsstrahlung, the energies of 
the electrons and photons are large when compared to the electron rest-
mass. The Born approximation is valid. However, the Coulomb potential 
must be modified. 
At high electron energies, screening of the nucleus by the atomic 
electrons becomes important. Consider the emission of photons of fixed 
energy k. As the energy of the electron increases, photons of energy k 
will be produced by less direct collisions. There will be some electron 
17 
energy so large that photons of energy k will be emitted at distances 
larger than the radius of the atom. While distance and radius are not 
well defined quantum mechanically, it should be clear that screening by 
the atomic electrons will reduce the cross-section. 
The proper potential is obtainable from the charge distribution of 
the electrons which is represented by the atomic wave functions. This 
potential is then used in the Born approximation to obtain the correct 
differential cross-section. 
Gould (1969) has performed this calculation for one and two electron 
atoms (H and He). With the exact H wave function and the product Hartree-
Fock wave function for He, he obtained (Z = 1,2) 
ray, a is the fine-structure constant (a = 1/137), and r^ is the classical 
mined by the characteristics of the atoms, and are tabulated for H and He 
where is the initial electron energy, E is the energy of the gamma 
radius of the electron (r^ = = 2.8 x 10 13 cm). <t>^ and are deter-
mc 
by Blumenthal and Gould (1970) as a function of (Eq  - E^). 
For heavier nuclei, Ginzburg (1969, Sec. 4) has obtained (Z > 2) 
18 
where Z is the atomic number. The term Z(Z + 1) appears rather than Z^ to 
account for scattering from electrons. In the strong screening limit 
(Eq > 50 MeV), (j)^ = ln(191 and = -(2/3) 4)^ + 1/9. While this 
expression is an approximation, the differential cross-section may be 
taken to be exact for the purpose of this work. 
To obtain the gamma-ray differential production rate it is necessary 
to integrate over the electron energy and sum over all atomic species. 
00 
QgCE ) =Z n f 1(E ) da (E ,E )dE photons ^ (2.5) 
^ Z ^ J "  " Y "  c m i  " S ' M e V  
where n^ is the number density of nuclei with charge Z and I(Eq ) is the 
intensity of cosmic-ray electrons. 
The elemental abundance used will have a large effect on the calcu-
2 lated value of Qg since da^ scales as Z . Cosmic abundances (n^^ = .1 n^ 
and ^2,>2 ~ n^) are usually used to calculate Qg. For this distribu­
tion, approximately 15% of the gamma-rays are produced by the 1% of heavy 
elements. 
The intensity of the cosmic-ray electrons, I(Eq ), is not well known 
(see Appendix A). This is by far the largest source of uncertainty in 
the calculation of the emission coefficient. Cesarsky, Paul and Shulka 
(1978) have calculated bremsstrahlung emission coefficients Q(E^J, for the 
five electron spectra shown in Figure 2.3. In comparison to the standard 
spectrum, the uncertainty in the electron intensity decreases from a 
factor of 50 at 100 MeV to 2 at 1 GeV. Even the shape of the spectrum is 
not well known. 
19 
Figure 2.3. The interstellar electron spectra considered by Cesarsky 
et al. (1978). The individual spectra are discussed in 
Appendix A 
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The differential gamma-ray emissivities as calculated (via Equation 
2.5) by Cesarsky et al. (1978) are shown in Figure 2.4. The uncertainty 
in the value of Q (again compared to the standard spectrum) is a factor 
of 6 at = 100 MeV and a factor of 2 at = 500 MeV. 
The earliest estimate of is again due to Ginzburg and Syrovatskii 
(1964, Sec. 19). They obtained qg (E > 50 MeV) = 1.5 x lo"^^ s"V^. 
Other values have been published by Schlickeiser and Thielheim (1978), 
Cesarsky et al. (1978), and Kniffen, Fichtel, and Thompson (1977). They 
obtained qg(E > 100 MeV) = 1.0 - 8.1 x lo'^^ s"V^, q^CE > 100 MeV) 
= 1.4 - 10.2 X loT^G and qg(E > 100 MeV) = 3.5 x lo"^^ s"V^, 
respectively. 
The physics that governs the interaction of electrons and atoms is 
well understood. However, the extension to astrophysical situations 
results in large uncertainties in calculated emission coefficients. The 
large variation in the values of q^ quoted above is due primarily to the 
poorly known electron intensity. 
Absorption of gamma-rays, pair-production 
^ « 
A gamma-ray can decay into an e ,e pair in the field of a nucleus. 
This process can be viewed as bremsstrahlung operating in reverse with an 
+ — 
outgoing e replacing the incoming e . 
Pair-production is kinematically different from the scattering 
process. There are now two particles moving out of the interaction. This 
difference requires that (J)^ and as they appear in Equation 2.4 must be 
slightly modified. However, for large energies (E^ ^  50 MeV) these cor­
rections are not significant. 
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Figure 2.4. Calculated differentialproduction rates, per unit volume, 
for a density of 1 H cm of Cesarsky et al. (1978) for the 
spectra shown in Figure 2.3 
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The variable is now taken to be the positron energy and E to be 
2 
the electron energy. In the high energy limit (E » mc ), the differ­
ential cross-section is very similar to Equation 2.4. The total cross-
section for pair-production (1^^, is obtained by integrating over energy. 
The result is (Heitler 1954, Sec. 26) 
'pptO = + 1) » [îl 1°S ^  - 5I] (2 
With the assumption of cosmic abundances, a sum over Z yields 
- 2 6  2 - 1  
a = 5 X 10 cm H . It is worth noting that the cross-section is 
PP 
independent of photon energy. 
Longair (1981, Sec. 4.4) has shown that above 50 MeV pair-production 
is the only significant mechanism of gamma-ray absorption. At any direc-
22 -2 
tion in our galaxy, the column density of H < 3 % 10 cm (Ginzburg 1969, 
p. 81). This implies that 
X = f Ujr O ds < .01 (2.7) 
H PP ~ 
where T is the optical depth along the path L. Therefore, it is reason­
able to neglect the absorption of gamma-rays after they leave the region 
of the source. 
Radio emission 
Low energy photons will be emitted by the scattering of electrons on 
ions. This process is often termed free-free emission since it involves 
a transition from one unbound state to another. It is also, and more 
commonly, referred to as thermal emission since it is observed from astro-
physical sources that are hot enough to be at least partially ionized. 
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The physical process is electron-ion bremsstrahlung. The Born 
approximation is accurate and screening of the potential is unimportant. 
A detailed development of the differential cross-section has been pre-
9 
sented by Heitler (1954, Sec. 25). In the low energy limit where mc 
is larger than all the other energy terms, the cross-section simplifies 
to 
daB(k,Po) = ^ a log ^  % (2.8) 
where p^ and p are the initial and final momenta of the electron, Z is 
the charge of the ion, and k is the photon energy. This result is valid 
for V « Zac i.e., non-relatistic electrons. 
A correction must be made to the above formula. At low energies, 
the electrons should be represented by the exact wave functions of the 
continuous spectrum. The calculation of Sommerfeld (1939) shows the 
cross-section of Equation 2.8 must be multiplied by 
-27tXo 2 2 
«"•V = i: fW • == = i-' •'0 = i: • ^.9) 
0 1-e 0 
Equation 2.8 can be cast into a form more familiar to astronomers 
by substituting k = hv, Pq = mv^, p = mv^ - hv/c, and p^-p = hv/c. This 
yields 
da(v,VQ) = ^  Of f(x,XQ) log g- . (2.10) 
This formula is very nearly exact. 
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In astronomy texts, the cross-section for electron scattering is 
usually calculated classically. The classical cross-section is then 
modified by introducing a Gaunt factor, g^^(v,v) to correct the result. 
Tucker (1975, page 189) gives 
~ "v" 8ff(v,v), OQ = ( V j oZ rg , (2.11) 
where is the classical cross-section. 
The Gaunt factor is often derived by restricting the range of 
allowable impact parameters. This procedure seems to be motivated 
primarily by a knowledge of the correct answer. By comparing Equations 
2.10 and 2.11 it is clear that 
VT VQ + Vf 
8ff(v,v) = — f(x,XQ) In . (2.12) 
The Gaunt factor is simply the quantum mechanical correction of the 
classical formula. 
A population of electrons in thermal equilibrium will have a 
Maxwellian speed distribution: 
where is the number density and T is the kinetic temperature of the 
electrons. This distribution is used to describe HII regions and some 
plasmas. 
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Radio astronomers express emission coefficients as ergs cm ^s ^Hz 
The coefficient is calculated by 
09 
£„(u) = N„ / V N(v)dv • a (v,v) h —— , (2.14) 
Z cm'^s Hz 
0 
where ='V 2hv/m is the minimum velocity to produce a photon of fre­
quency V. The product vN(v)dv is the differential intensity of electrons, 
Ng is the number density of target ions, and the term h converts the emis­
sion coefficient to energy units. For this work, the result of Pacholczyk 
(1970, p. 60) is sufficiently accurate. 
V"' - fm TVz TET" 
c m 
1.32 
(kT) 3/2 
2 
e Vm"u) 
erg 
3 « cm s Hz 
(2.15) 
= 3.0 X 10 -39 W 
,1/2 [l7.7 + la î^ ] 
where u) = 2nv is the angular frequency. 
Radiation is also absorbed by thermal electrons. The source function 
for a thermal gas is Plankian i.e.. 
etv/kT.j 
^ .v2 erg 
2 
cm s Hz 
(2 .16)  
The approximation is quite good in the radio band where ^  = 10 The 
absorption coefficient is [K(V) = e(v)/S(vj)] 
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K,(v) = ^  -42 in 1.32 • (2.17) 
® ^ ^ cm3/2 (kT)^/V e m u) 
- 1  
cm 
-3 T^/Z 
= 9.8 X 10 3 ^ 17.7 4- In V
Equations 2.15 and 2.17 must be multiplied by the factor fCxjX^) in 
Equation 2.8. This factor increases e(v) and K(V) by ~1.2 (Tucker, 1975, 
p. 200). Also, a summation must be performed over the ion states. For 
cosmic abundances and T > 10^ "K, Tucker (1975, p. 205) finds Z 
2 2 2 S 1.4 N^. At lower temperatures IN^N^Z = N^. 
It is generally necessary to consider the effect of absorption in 
discussing radio sources. The solution of the transfer problem is 
(Pacholczyk, 1970, p. 94) 
J(v) = S(v) 1 - e"t(v) ergs ^ (2.18) 
cm sHz 
where S(v) = 8(V)/K(V) is the source function and T(V) = K(v)d2 is the 
optical depth, i.e., the absorption integrated over the optical path. 
At high frequency, K(V) will be small, 1 - e = £K(V), and the 
observed radiation will have the frequency dependence of s(v). The fre­
quency dependence enters only as In ^  so there is very little variation 
with frequency of the observed flux. 
At low frequency, K(V) will be large, 1 - e = 1, and the ob-
2 
served radiation will vary with frequency as v . The position of the 
2 break in spectrum between high and low frequency depends on and T. 
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Corapton Effect 
The interaction of photons and electrons is termed the Compton 
effect. The interaction was first observed as Compton scattering in 
which photons lose energy to electrons. The process also works with 
electrons losing energy to photons. This is often termed "inverse Comp­
ton effect" even though there is nothing backwards involved. 
The scattering of photons on electrons can be rigorously calculated 
in the rest frame of the electron. A detailed calculation is presented 
by Heitler (1954, Sec. 22). The calculation is performed by summing the 
final spin states of the electron, the final states of the photon, and 
the intermediate energy states of the electron. It is also necessary to 
average the initial photon states. The result is the Klein-Nishina 
formula 
where kg, k are the initial and final photon momenta, 0 is the angle 
between k^ and k, and dfi is the differential solid angle. 
The Klein-Nishina formula can be recast into a relativisticly invar 
ient form. This is done by specifying the direction of the outgoing 
photon and follows from conservation of energy and momentum. Akheizer 
and Berestetshii (1965) obtain 
— + ^  -2 + 4 cos^ 0 dO (2.19) 
c^ l'*2' 
(2.20) 
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where 
^ = -
m c 
^ e E (l - J cos eX kg E E /l - J cos 
\ / m c \ / 
£, E^ are the initial and final energy of the photon; E, v are the energy 
and velocity of the scattered electron; and 0^, 0^ are the angles between 
V and the initial and final photons, respectively. Equation 2.20 is the 
differential cross-section for scattering from 0^ to 0^ where dQ^, dO^ 
are the corresponding solid angles. 
Schlickeiser (1982) shows that, from purely kinematic considerations, 
one obtains 
4 e E^ 
where Eq is the initial energy of the electron in the observer's frame. 
This expression can be inverted to obtain 
^min - f £ E% 
1/2 
(2.22) 
where E^^.^ is the minimum electron energy to produce gamma-rays of energy 
E^ from photons of initial energy s. 
2 4 
In most astrophysical situations £ Eq << m c (Stecker, 1977). 
Ginzburg and Syrovatskii (1964, Sec. 19) apply this limit. They use an 
analytic expression for E^ and integrate over 0^ and 02 to obtain 
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ac(E ,s,Eo) = 
71 r-
(2.23) 
X 
E (mc^)V 
®0 
In 
(mc^)\ 8e E 
:r-^ + 
4s E; (mc2)2 
cm 
The cross-section in Equation 2.23 applies only when e < E^ < 4 s x 
(Eg/mc^)^ [c.f. 2.21]. Similarly Equation 2.22 simplifies to yield 
2  1 /2  
E^in = mc (E^/4e) . This implies that to obtain 100 MeV gamma-rays 
from starlight photons (e = leV) requires electrons with Eg > 2.5 GeV. 
The inequality 2.21 is satisfied for starlight photons and electrons of 
energy 2.5 GeV < Eq < 50 GeV, for radio wave length photons (10 ^  eV) 
Eq > 1 TeV, and for x-ray photons (1 keV) if 50 MeV < Eg < 60 MeV. 
The cross-section of Equation 2.23 cannot properly be applied in 
situations where there is a large flux of x-ray photons or very high 
energy electrons. 
Consider the scattering of x-ray photons and cosmic-ray electrons, 
2 
e E- » mc . In the electron rest frame, the incoming photon will have 
h 2 
energy s' = e • —^ mc . The cross-section is now greatly simplified 
mc 
and E = Eq. The result is (Ginzburg, 1969, p. 49) 
(2.24) 
2 In the intermediate region where £ Eq = mc , Equation 2.23 and 2.24 are 
roughly (± 30%) equivalent. 
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To calculate the production rate it is necessary to integrate over 
both the photon density and the electron intensity. 
Q^(E ) = f n (£)d£ f a(E e,E )I (E )dE Photons ^ (2.25) 
c X Jo PG E-'. y U e u u cmfs MeV 
mm 
where E^^^ is given by Equation 2.22. While the cross-section is nearly 
exact, uncertainties in the calculated value of Q(E^) will arise from 
NPH(E) and I^(Eq). 
The cosmic-ray electron distribution above 3 GeV is a power-law; 
I^(Eq) = K E ^ with spectral index p = 2.7 (see Appendix A). The magni­
tude of K is uncertain by a factor of about 2. It is also possible that 
the density of cosmic-ray electrons is larger (much larger) near the 
sources of the cosmic-rays. 
The density of target photons, n^^OG), is not well known. Some of 
the photons will be due to the microwave background radiation. This 
component is described by black body radiation and is fairly constant 
throughout the galaxy. The distribution of radio, infrared, and optical 
photons certainly varies with position in the galaxy. The net result is 
that the uncertainty in gamma-ray emission by the Compton effect is domi­
nated by the lack of reliable estimates for n^^(s). 
In certain astrophysical situations, the radiation is nearly black 
body for which n^^(s) depends only on the temperature. This distribution 
has been studied by Ginzburg and Syrovatskii (1964, Sec. 19). They use 
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where is the total number density of photons. The integral in Equa­
tion 2.25 yields 
(2.26) 
where is the energy density of photons, e = 2.7 kT is the average 
photon energy, and f(p) is a numerical factor of order 1. q^(>E^) is 
obtained by integration of Equation 2.26. 
Figure 2.5, from Cesarsky et al. (1978), compares the three mechan­
isms discussed so far. The Compton curve is calculated using the standard 
spectrum of Figure 2.3 and local, interstellar photon densities. The 
3 bremsstrahlung and n" curves are based on a density of 1 H/cm . The fig­
ure makes it clear that the Compton contribution is not significant unless 
the photon density is much larger than local values. 
The cross-section of Equation 2.24 can be applied to Compton scatter­
ing of radio photons and MeV electrons. To obtain e^(v) and K^(v) it is 
only necessary to change variables to hv rather than energy. The emission 
coefficient is 
OS 00 
s. (V) = R J(v.)dv, R a(hv,hv.,E.) N(E_)dE —|^SL- , (2.27) 
^ Jq 1 1 E/. ^ " cm, s Hz 
mxn 
where J( ^ ) is the intensity of the initial radiation field in —^ erg_ 
cm sHz 
and N(EQ)dEQ is the number density of the initial electrons. The 
absorption coefficient is 
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Figure 2.5. Integral production_rates per unit volume of gamma-rays for 
a density of 1 H cm and the local photon density. From 
Cesarsky et al. (1978) 
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L E ^ 4v. --2 
r r 
'c' v )  = 1  dV; f  K , ( v f #  a ( h V f ,  h v ,  E Q ) N ( E Q ) d E Q ,  ( 2 . 2 8 )  
^ . 1 mm 
- 1  
cm 
00 
-r  "l  f  »(Eo)dEo, 
Jv 
'E . 
mm 
1 2 /y_\ I 
where the limits on the v integration and the value of E . =  ^ mc I v ) 
mm \ i I 
are obtained from the inequality in Equation 2.21. 
In the radio domain, the Compton effect is much like synchrotron 
emission with the energy density of particles replacing that of the 
magnetic field. 
Synchrotron Emission (Magnetobremsstrahlung) 
A charged particle moving in a magnetic field will experience a 
Lorentz force. The resulting acceleration will cause the particle to 
radiate. For relativisitic electrons, the energy loss due to radiation 
becomes important. This emission, first observed in synchrotron particle 
accelerators, is also termed magnetobremsstrahlung (magnetic-braking-
radiation) . 
The modern field theory approach is to represent the magnetic field 
as a field of virtual photons and apply the results of the Compton effect. 
I shall not follow this approach. Classical electrodynamics yields cor­
rect results and is better suited to gaining a physical understanding of 
this process. The simplest case of synchrotron emission will be presented 
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in detail. This simple result will then be extended and modified so that 
it can be applied in astrophysical settings. 
Consider a single relativistic electron in uniform circular motion. 
This process, commonly referred to as curvature radiation, occurs in 
electron storage rings so the mathematical result has been verified by 
experiment. By setting the Lorentz force equal to the centripetal force, 
the radius of the orbit r and the gyro-frequency are found to be 
r = mcv 
eH/1 - ^2 
eH 
mc 
' - 3  
(2.29) 
where H is the magnetic field strength. 
Since the motion is periodic, it is reasonable to express the time 
dependent electric field, E(t), as a Fourier series in uj^. The power per 
unit solid angle is then calculated for each Fourier component. The pro­
cedure is presented in detail by Pacholczyk (1970, Sec. 3.3). The result 
I S  
dfi 
2 2 2 
St?C "2/3^ * 
(2.30) 
where y = E/mc , 8 is the angle between the position and the observer, k 
is the modified Bessel function, and y = g The kgyg term 
represents radiation parallel to the plane of the orbit and the k^yg term 
radiation perpendicular to the plane. 
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The behavior of is discussed by Jackson (1975, Sec. 3.7). k^ 
becomes small for y > 1. For a given n, there is significant radiation 
only for those angles at which y < 1. As n is increased (higher frequency) 
the radiation is confined to smaller angles. The net result is that the 
radiation is directed into a narrow beam. The observer will see pulses 
of radiation at a rate of Wg/2R per second. 
If n becomes sufficiently large, y > 1 for 9=0. This defines a 
2 3 
critical harmonic, n^ = 3(E/mc ) . There will be only a small amount of 
3u*h /  g  \ 3 
radiation at frequencies larger than v = | 
^ \ m c /  •  
For highly relativistic electrons, n^ is very large. The power will 
be radiated at sufficiently high frequencies that the discrete harmonics 
are unobservable. It is therefore reasonable to replace n-w^ by m in 
dP^ 
Equation 2.29 so that —^ is now a continuous function ^  which is dis­
played in Figure 2.6. 
The radiation from a single particle is elliptically polarized. It 
can be shown by integrating dp/diu over frequency and angle that 7/8 of 
the energy is radiated in the plane of the orbit, i.e., the radiation is 
nearly linearly polarized. It is this linear polarization, the first term 
in Equation 2.30, that is observed in physical situations. 
If the velocity of the particle is not perpendicular to the magnetic 
field, the force will be reduced. To modify the above formulae it is only 
necessary to substitute for H where = H sin#, and (j) is the angle 
between the velocity and the magnetic field. 
2.0 
1.0 
1.0 0.1 0.01 
Figure 2.6. Synchrotron radiation spectrum (energy radiated per unit 
frequency interval) as a function of w/w . The intensity 
is measured in units of e -y/c (v = E/mc 5, while the 
frequency is expressed in units of u) (From Jackson 
1975, p. 678) ^ 
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The above discussion has been concerned with a single electron. To 
obtain an emission coefficient it is necessary to integrate over the 
electron distribution N(E,k,r,t) and the solid angle Î2. The assumption 
is usually made that the electron distribution is isotropic. This seems 
reasonable and is necessary to calculate the integrals. The distribution 
is also taken to be uniform in time and position so that N(E,^,r,t) become 
4HN(E). 
Equation 2.30 can be written as 
dP^ dP, 1 . 
dO" " dO"^ ^vQ (2.31) 
by substituting v = The P^ is polarized parallel to the plane and 
2 
the P term perpendicular to the plane of the orbit. The emission coeffi­
cient is then 
< = a / ««( / 4 4 
0 \4n / 
dE g . (2.32) 
cm s Hz ster 
The result of the integral over dfl is presented by Pacholczyk (1970, 
p. 89). He gives 
pli^ = / P H sin* [F(x) ± G(x)], (2.33) 
-1" = /
^ 2mc^ 
4n 
00 
where F(x) = x / G(x) = x and x = ^  
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The + sign is used when i = 1 and the - sign when i = 2. = w^/2% = 
2'C^ • Hsin$ where = (3e)/(47t m^c^) = 6.27 x 10^^. The total emission 
1 2 
will be e + e = e or 
£(v) = Cg-H sin* j N(E) F(x)dE, (2.34) 
J cm s Hz ster 
where C_ = ^ - 1.87 x 10 
3 mc^ 
The absorption coefficient is obtainable in several ways. 
Pacholczyk (1970, p. 94) uses the Einstein coefficients to obtain 
K(v) = - sin* / E^ 3= / cm'l. (2.35) 
With an ensemble of particles the elliptical polarization will 
vanish. The perpendicularly polarized components of radiation from many 
electrons will average to zero. The linear polarization will survive. 
The degree of linear polarization will be the ratio of the polarized flux 
to the total flux i.e. 
V % _ 6(x) 
pi + p2 F(x) 
V V 
For an isotropic power-law distribution of electrons N(E) = NqE ^  (p > 1), 
the integrals in Equations 2.32 and 2.35 can be evaluated. The results 
are 
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£(v) = Cg(p).No(Hsin*)(P+l)/2 ^ ^ ^rgs (2.36) 
\ 1/ cm s Hz ster 
C3(p) 4 C3 r r (2E|I) . 
and K(v) = Ca(p)NQ(Hsin*)(P*2)/2^_^_j| , cm"l (2.37) 
where Cg(p) = Cg^p + ^ ^ 1= ^he 
Euler gamma function. The functions C^(p) and Cg(p) are tabulated by 
Pacholczyk (1970, p. 232). The degree of polarization is given by 
~ p+7/3' 
For small optical depth (high frequency) and a homogeneous source, 
1 - e = £K(V) where £ is the path length in the source. J(v) is 
then = £s(v). From Equation 2.36, it is clear that the radiation will 
have a power-law spectrum with spectral index |l(v) = kv ^ ^ 
For large optical depth (low frequency), e = 0 and I(v) a S(v) 
5/2 Of V - The spectrum is independent of p. This turn-over in,the spectrum 
at low frequency has been observed in radio sources. 
A non-zero optical depth will lead to a decrease in the observable 
polarization. When a plane polarized wave propagates through a plasma 
containing a magnetic field, the direction of polarization will rotate 
(Faraday rotation). The angle of rotation is given by (Tucker, 1975, 
Sec. 1.11) 
n = A^, radians (2.38) 
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where R - 8.1 x 10^ f N H cos ({) d£ is the rotation measure, n is the 
m Je ' 
angle of rotation, is the electron number density, H is the magnetic 
field strength, and (|) is the angle between the observer and the magnetic 
field. The Faraday rotation in the emitting region will cause a spread 
in polarization angles over the source. This reduces the degree of polar­
ization to 
ir = i Iq sin n (2.39) 
The above formalism applies to a uniform magnetic field. The more 
reasonable case of an isotropic, random field superimposed on a uni­
form figld Hq has been presented by Burn (1966). The above expressions 
for £(v) and K(V) are modified only by replacing H sin# by the appropriate 
average over (H^ + HQ)sin$. The degree of linear polarization-is reduced 
to 
II" = II' " , (2.40) 
The result demonstrates that the linear polarization disappears if the 
field is completely random. 
The above discussion is all directly applicable to gamma-ray emission. 
It is only necessary to obtain an expression for Q(E^) from e(v). The 
easiest way to arrive at the needed transformation is to consider f e(v)dv 
r ^ 
and I E Q(E )dE . Both integrals yield power. With the substitution 
V  Y  Ï  
E = hv, it is easily shown that 
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Q(E ) = £(v) = 2.23 X 10^7 photons (2.41) 
h V ^ cm s MeV 
Synchrotron emission will be a significant source of gamma-rays only 
if the critical frequency is in the gamma-ray region. Electrons of energy 
2 Eg will emit gamma-rays up to a cut-off energy = hv^ = h'C^'H sin6 E^. 
2 2 A 
The emission of 100 MeV gamma-rays requires HE^ > 10 where H is in 
gauss and E^ is in MeV. As an illustration, 1 TeV electrons require a 
4 field strength > 10 gauss to emit 100 MeV gamma-rays. The strong fields 
and very large electron energies required for synchrotron emission of 
gamma-rays are encountered astrophysically only near neutron stars and 
perhaps black holes. 
The mathematical expressions presented above are essentially exact. 
The correctness of the above discussion depends only on the degree to 
which the magnetic fields and particle distributions are known or may be 
determined. 
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CHAPTER 3. SOURCE MODELS AM) THE IDENTIFIED GAMMA-RAY SOURCES 
In this chapter, I shall present a brief discussion of gamma-ray 
source models. A nearly complete review of gamma-ray source models has 
been presented by Bignami and Hermsen (1983). The following discussion 
is intended to present the astrophysical settings in which gamma-rays 
may be produced. This chapter will also contain a brief discussion of 
the four identified gamma-ray sources. The four sources are the Orion 
and Rho Ophiuchus molecular clouds as well as the Crab and Vela pulsars. 
Extended Sources - Molecular Clouds 
The first suggestion that giant molecular clouds (GMC) would be 
detectible as gamma-ray sources was made by Black and Fazio (1973). The 
gamma-rays arise from the interaction of cosmic-rays and the bulk matter 
of the cloud. 
A plethora of information on GMC is presented by Solomgn and Edmunds 
(1980). The typical cloud will contain 10^-10^ Mg and extend over approxi­
mately 100 pc. These clouds are cold (T = 10°K), have an average density 
2 3 3 
of 10 -10 H/cm , and contain condensations where the density is 
S 3 
> 10 H/cm . There are perhaps 4000 GMC in the galaxy. 
Nuclear interactions and bremsstrahlung will be the radiation 
mechanisms producing gamma-rays in GMC. The photon densities will not be 
large, so the Compton effect will not be significant in this setting. 
To calculate the emission from a cloud one requires knowledge of both 
the target particles and the distribution of the cosmic-rays inside the 
cloud. The mass of the cloud can, at least in principle, be determined 
43 
by radio observations. In practice, the mass will be uncertain by a 
factor of > 2 (Issa et al., 1981). 
The GMC will act as an absorber of cosmic-rays due primarily to 
ionization and nuclear interactions. Cesarsky and Volk (1978) have con­
sidered this complex problem. They show that, while the physical situa­
tion is somewhat uncertain, it is reasonable to take the distribution of 
nuclear cosmic-rays inside all of the GMC as equal to that of the ambient 
cosmic-rays outside the cloud. 
There is probably an enhancement of cosmic-ray electrons inside GMC. 
Interactions involving cosmic-ray nucléons will produce secondary cosmic-
ray electrons (see Ginzburg, 1969, Sec. 7). Marscher and Brown (1978) 
consider this situation and show that the density of cosmic-ray electrons 
will be larger than that in the surrounding space by a factor of ~ 3 in 
the energy range for which bremsstrahlung will produce observable gamma-
rays. It seems reasonable to assume that bremsstrahlung gamma-rays will 
be enhanced by a factor of S 3 in GMC above that in the nearby inter­
stellar medium. 
The flux of gamma-rays from a GMC can be calculated by (Bignami and 
Hermsen, 1983) 
where is the volume emissity, M is the cloud mass, m^ is the mass of 
atomic Hydrogen, and d is the distance between source and observer. The 
factor f is the ratio of the cosmic-ray density near (but not inside) the 
cloud to the local density. Following the above discussion, I shall use 
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q^(E > 100 MeV) = + 3'qg = 2.4 x 10 photons s ^ (see Chapter 2). 
The assumptions that f = 1 and M = 2 x 10^ Mq in Equation 3.1 yield a 
luminosity of = 6 x 10^^ photons s ^ for a typical CMC. For the galaxy 
as a whole, the 4000 CMC will yield a total of = 2.4 x 10^^ photons s ^ 
in gamma-rays. This is 10-20% of the total gamma-ray emission of the 
galaxy ([1.3-2.5] x 10^^ photons s ^ E > 100 MeV, Bloemen et al., 1984). 
There is one clear example of gamma-ray emission from a molecular 
cloud. The Orion nebula is a source of extended gamma-ray emission with a 
reported flux of 2.0 ± 0.5 x lo ^ ph cm ^ s ^ in the energy range 70 < E < 
5000 MeV. The gamma-ray contours are consistent with other tracers of the 
cloud complex (Caraveo et al., 1980). If f = 1 and M = 2 x 10^ Mq (Stark 
-6 
and Blitz, 1978) the above value of q^ will yield a flux of 2.1 x 10 ph 
(E > 100 MeV)/cm ^s ^ at a canonical distance of 500 pc. In view of the 
large uncertainties involved, this is excellent agreement. 
Models for gamma-ray emission from GMC where f S 1 are called passive. 
There are reasons to believe that some GMC exist is an environment where 
the cosmic-ray intensity may be significantly enhanced; f > 1. Models 
involving a substantial cosmic-ray enhancement are termed active. 
The Rho Ophiuchus (p Oph) dark cloud may be an example of gamma-
rays from an active molecular cloud. The dark cloud is positionally 
coincident with the COS-B source 2CG353+16. An examination of more com­
plete COS-B data reveals a resolved enhancement and confirms the identi­
fication with the cloud (Hermsen and Bloemen, 1983). For a mass of 
2.6 X 10^ Mg (Paul et al., 1981) at a distance of 160 ± 10 pc (Encrenaz, 
-6 
Falgarone, and Lucas, 1975), the observed gamma-ray flux of 1.1 x 10 
photons cm ^s ^ requires an enhancement factor of f = 2-4. However, this 
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factor is not large and may not be significantly different from 1. In 
particular, the mass estimate may be low (Lada and Wilking, 1980). 
It is now well established that cosmic-rays will be accelerated by 
astrophysical shocks (Bell, 1978; Blandford and Ostriker, 1978). This 
mechanism has been shown to work for supernova shocks (Hartquist and 
Morfill, 1983) and for the supersonic shocks arising from early type stars 
(Cassé and Paul, 1980). When these shocks are coincident with or near 
GMC, gamma-ray emission will be significantly enhanced. 
A particularly attractive active model has been presented by 
Montmerle (1979). He demonstrates that supernovae shocks near 0-B 
associations (SNOBs) can produce cosmic-ray enhancement factors of 
f = 10-100. The molecular cloud often (always?) associated with the 0-B 
stars then becomes an observable y-ray source. He argues that perhaps 
one-half of the COS-B sources may be SNOBs. 
The suggestion that one-half of the gamma-ray sources may be GMC 
seems reasonable. If as suggested by Bignami and Hermsen (1983) the 
sources account for approximately 40% of the emission, then GMC could 
account for 20% of the total gamma-rays produced in the galaxy. This is 
in agreement with the estimate made earlier. It seems clear, therefore, 
that a substantial fraction, but not all, of the gamma-ray sources are 
extended objects. 
Pulsars 
There is observational evidence that pulsars can emit gamma-rays. 
The Crab pulsar, PSR0531+21, was first identified as a gamma-ray source 
by Browning, Ramsden, and Wright (1971). The first identification of the 
46 
Vela pulsar, PSR 0833-45, as a gamma-ray source was by Albats et al. 
(1972). The identifications are firmly established in the COS-B data by 
the observation of pulsed gamma-ray emission at the pulsars' period. 
The early observations of pulsed gamma-ray emission stimulated a 
great deal of theoretical work. There are a large number of models for 
gamma-ray emission from pulsars. A nearly complete review of these 
models is presented by Bignami and Hermsen (1983), who conclude that none 
of the models is completely satisfactory. What follows, unless other­
wise credited, follows their review. 
The most popular models (i.e., largest number of model builders) 
locate the gamma-ray emission at the magnetic poles. Ruderman and 
Sutherland (1975) argue that at the magnetic poles of the pulsar very 
strong electric fields will be induced by rotation. The resulting field 
14 
can accelerate particles up to energies of 10 eV. The field near the 
13 
neutron star's surface will be so strong (10 Gauss) that the particles 
will move parallel to the curved field lines and emit curvature radiation 
at gamma-ray energies. 
*• 
The gamma-rays will be observed only if they do not produce e ,e 
pairs in the strong field. No general analytic solution of this problem 
exists (Daugherty and Lerche, 1975) however, it appears that this mecha­
nism will not produce observable gamma-rays with an energy > 500 MeV. 
A second class of models locates the gamma-ray emission at the point 
where the magnetic field becomes tangled. Near the pulsar, the field will 
rotate with the surface. However, at a distance from the pulsar of 
r = c/u), where u) is the angular frequency, the co-rotation velocity is 
the speed of light. At some distance less than r, co-rotation must end 
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and the field will become irregular. Particles which were streaming along 
these open field lines will suddenly enter a region where they are moving 
at large angles to the field and will then emit synchrotron gamma-rays. 
A model which locates the gamma-ray emission outside the speed of 
light cylinder has been proposed by Kundt and Krotscheck (1980). They 
argue that a power law distribution of electrons with energy up to 
14 
> 10 eV will be injected into the nebula around the pulsar. In the 
nebula, the photon density is large enough to account for the gamma-ray 
emission by the Compton effect. 
While in no position to make a critical evaluation, I find this last 
model attractive. It would imply that only pulsars inside remnants would 
be gamma-ray sources. There are only three observed cases of pulsars 
inside remnants. The Crab and Vela are gamma-ray sources. The third, 
PSR 1504-58 inside MSH15-52 (Seward et al., 1984), lies at a distance of 
4.2 kpc which would make it undetectible as a gamma-ray source. This 
theory would provide an excellent explanation for recent unsuccessful 
efforts to observe gamma-rays from other pulsars (Graser and Schonfelder, 
1983; Knight et al., 1982; and Buccheri et al., 1963). 
The energy source for gamma-ray emission from pulsars is the rotation 
of the neutron star. This can be expressed as 
= nÊ = ni (3.2) 
where is the gamma-ray luminosity, q is the conversion efficiency, É is 
the energy loss rate, I is the moment of inertia of the neutron star, u) 
is the angular frequency, and u) = diu/dt. The product w w is proportional 
• 3 • to p/p . The quantities p and p are observable. 
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The relationship of the gamma-ray and radio emission will be deter­
mined by the beaming geometry. The hypothesis that a radio pulsar is a 
source of gamma-rays can be tested by determining if the gamma-rays are 
pulsed with the observed period of the pulsar. It is possible that the 
emission may be beamed in a way that no radio pulses are observed from a 
gamma-ray pulsar. In this case, there is likely to be no observable radio 
counterpart of the gamma-ray source. 
Accretion 
The suggestion has been made that the accretion of matter onto 
neutron stars or into black holes may result in the emission of gamma-
2 
rays. During the accretion process, an energy of about 0.2 mc will be 
released. 
The simplest models involve neutron stars in close binary orbits 
(Bisnovatyi-Kogan et al., 1980). Matter will fall onto the surface of the 
neutron star by passing through an accretion disk. The accretion disk 
O 
will be hot (T 10 ®K) and a strong source of thermal photons. The 
gamma-rays will result from the decay of 7i°s which will be produced by 
collisions on the neutron star's surface and/or the Compton effect involv­
ing relativistic particles and thermal X-ray photons from the accretion 
disk. The major problem with these models is that they predict X-ray 
luminosities at least as large as the gamma-ray luminosities. This is 
not observed (see Chapter 1). 
Several efforts have been made to resolve this difficulty. 
Massaro and Salvati (1977) examine the magnetic fields in the accretion 
disks. Maraschi and Treves (1977) consider the electric fields in the 
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accretion disks of black holes. Verstrand (1983) studied a binary system 
concealed by a gas cloud. The enshrouding material absorbs most of the 
x-rays and some of the gamma-rays, and produces significant radio emission. 
These models all exhibit significant x-ray emission. If gamma-rays 
do result from accretion, there should be a clear x-ray source coincident 
with the gamma-ray source. It is not clear how much, if any, radio emis­
sion will result from these models. However, the sources for which these 
models have been suggested to account for the gamma-ray emission (e.g., 
Cyg X-3 Verstrand, 1983; galactic center Eilek and Kafatos, 1983) are 
strong radio sources. 
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CHAPTER 4. RADIO OBSERVATIONS OF GAMMA-RAY SOURCE CANDIDATES 
This chapter contains four sections which report radio observations 
of possible gamma-ray counterparts. Each of the four sections is complete 
and self-contained. The first two sections are published journal articles 
which report VLA observations to investigate the possibility that known 
radio sources corresponded to the gamma-ray sources. The third paper, in 
press, reports observations to investigate an interesting source uncovered 
by the observations reported in the first paper. The final section 
reports single dish observations of four gamma-ray fields. 
High-Resolution Radio and X-Ray Observations of 
the Supernova Remnant W28 
Abstract 
To explore a possible connection between the 100 MeV gamma-ray 
source, 2CG006-00, and the galactic supernova remnant, W28, we have 
mapped the central region of the remnant at 20 and 6 cm with the VLA and 
at ~ 1 keV with the high-resolution imager of the Einstein Observatory. 
The previously unresolved radio source, G6.6-0.1, near the center of the 
remnant is observed to have two "components," A and B, with characteristic 
angular dimensions of 5" and 50", respectively. The spectral index, a, 
of A is either 0.1 ± 0.1 (S^ ~ if background from B is not subtracted, 
or 0-3 ± 0.2, if it is. A pointlike X-ray source with an energy flux of 
^This paper was co-authored by J. P. -Basart, R. C. Lamb, and R. H. 
Becker. It appeared in The Astrophysical Journal, Volume 266, page 684 
and is copyrighted by The American Astronomical Society. 
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~ 10 ergs cm S is observed ~1I7 ENE of the core of G6.6-0.1. The 
presence of an extended, flat-spectrum, nonthermal radio source near the 
center of W28 and a nearby compact X-ray source suggest parallels with 
the Vela remnant and support the possibility of W28 being a gamma-ray 
source. Subject headings: gamma rays: general—nebulae; individual— 
nebulae: supernova remnants—radio sources: extended—X-rays: sources. 
Introduction 
The second COS B catalog of high energy (E > 100 MeV) gamma-ray 
sources (Swanenburg et al., 1981) lists 22 located at low galactic lati­
tudes. Only two, the Crab and Vela pulsars (Kniffen et al., 1974; 
Thompson et al., 1975), have been firmly identified. Because the position 
errors of the remaining sources are large, typically 1®, their nature is 
a persistent mystery in spite of a number of observational efforts. 
Here we report the first high resolution radio and X-ray observa­
tions of the central part of the galactic supernova remnant, W28, in an 
effort to explore its possible association with the unidentified gamma-
ray source, 2CG006-00. This gamma-ray source is approximately two-
thirds as bright as the Crab pulsar above 100 MeV and has a somewhat 
flatter spectrum. The approximately 40' diameter radio shell of W28 lies 
completely within the 1° radius error circle of the gamma-ray source. 
In addition to positional agreement of the two objects, a number of 
considerations have motivated this study. The two firmly identified 
gamma-ray sources are themselves associated with radio supernova remnants, 
the Crab pulsar with its nebula and the Vela pulsar with Vela XYZ. (See 
Weiler and Panagia 1980 for a clarification of the nature of the Vela 
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remnant.) It is natural therefore, in seeking an identification of 
2CG006-00 to explore a possible association with a supernova remnant. 
In any event, if the gamma rays from 2CG006-00 arise mainly from 
high energy electrons, then there should be an associated radio synchro­
tron source. Therefore, all nonthermal radio sources within the error 
circle of 2CG006-00 are possible candidates for identification with the 
gamma-ray source. Within the 1® error circle of 2CG006-00 there are 
only three bright radio features, H II regions M20(G7.0-0.2) and 
W28-A2(G5.9-0.4), and the supernova remnant, W28, centered at G6.5-0.1. 
Thus W28 is a prime candidate as a source of the observed gamma-ray flux. 
If W28 is the gamma-ray source, two emission mechanisms seem possible; 
either the gamma rays arise from a central, as yet undetected, rotating 
neutron star or from the interaction of the remnant's relativistic par­
ticles with nearby dense clouds. In the latter context it is interesting 
to note that the eastern side of W28 is expanding into a dense molecular 
cloud (Wootten 1981). 
A useful summary of early radio maps of the W28 region is presented 
in a review by Goudis (1976). The highest resolution map (beamwidth 216) 
which was presented in the 4.875 GHz survey by Altenhoff et al. (1978) 
shows a shell of emission 40' in diameter extending for approximately 
60% of a full circle. In this map the brightest part of the remnant is 
an apparent point source at £ = 69553, b = -09095, near the center of the 
shell. This source, denoted G6.6-0.1 in earlier maps, is the principal 
focus of our investigation. 
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Our observations of W28 were performed with the NRAO^ Very Large 
Array at wavelengths of 20, 6, and 2 cm. The principal objectives were 
to map the central radio source and to search for pointlike emission 
within the remnant. Intensity maps obtained at 20 and 6 cm as well as 
a 6 cm polarization map are presented. Ârcsecond X-ray images have been 
obtained using the Einstein Observatory (Giacconi et al. 1979) for a 25' 
diameter field containing the central region of W28. 
Observations and results 
Radio observations The observations were made on 1981 April 30 
with the most extended (A) configuration of the NRAO Very Large Array. 
Twenty-six antennas were available for observations, but data taken with 
several antennas were later eliminated because of poor performance. Ob­
servations were carried out with three different wavelength bands: 
20 cm (1443 MHz), 6 cm (4863 MHz), and 2 cm (15023 MHz). The bandwidths 
in these bands were 6.25, 6.25, and 25 MHz, respectively. The narrow 
bandwidths were used to reduce time-delay limitations so that at 20 and 
6 cm the half-power fields of view were 30' and 10', respectively. At 
2 cm the 317 half-power width of the primary beam determined the field of 
view. The 20 cm field of view was sufficient to cover the entire super­
nova remnant. 
Our primary region of interest was G6.6-0.1 located by Altenhoff 
et al. (1978) at a(1950.0) = 17^7^47® and 6(1950.0) = -23°20'20" 
(1 = 69553, b = -09095). At each wavelength we took three "snapshots" 
^Operated by Associated Universities, Inc. under contract with the 
National Science Foundation. 
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of the central region lasting 12 to 14 minutes arranged to form a tri­
angle around the nominal source position with a side of length 4:3 at 20 
and 6 cm and of length 1:7 at 2 cm. 
The data calibration and reduction were completed by the normal 
procedures at the VLA. The maps obtained from edited and calibrated data 
were then "CLEANed" (Hogbom 1974) to reduce map confusion due to beam 
sidelobes. 
In mapping the central source we broadened the synthesized beam by 
tapering it with a Gaussian function in the u-v plane. This procedure 
allowed us to see features with the largest possible angular size. At 
20 cm (6 cm) the shortest projected baseline was approximately 2500 
(8300) wavelengths which implies that features with a scale size roughly 
greater than 114 (0:4) will not be visible. The 20 cm map for a single 
snapshot is shown in Figure 4.1a. The size of the emission region at the 
15% contour is approximately 40" x 50" which is somewhat smaller than our 
size limit; therefore, the size of the feature is probably not signifi­
cantly underestimated due to the absence of very short baselines. In the 
6 cm map, shown in Figure 4.1b, the size of the emission region at the 
15% contour level is more nearly circular, about 25" in diameter, sig­
nificantly smaller than the 20 cm size. The decrease in apparent size is 
due in all likelihood to the lack of sufficiently short baselines at 6 cm. 
The map of the region at 2 cm did not show any significant emission above 
the map noise level of 2 mJy per beam, again presumably because of the 
lack of short baselines. 
The central feature of W28 displayed in Figure 4.1 appears to have 
two distinct components : a relatively compact region of emission which 
Figure 4.1. Contours of total intensity of G6.6-0.1 
The contour plots indicate the percentage of the peak 
flux. The levels shown represent - 10 (dashed), 5, 15, 
25, 40, 50, 65, 80, 90, and 95% of the peak intensity 
at (a) 1443 MHz (20 cm). The peak value is 90 mJy per 
beam. Components A and B are identified; and (b) 4863 
MHz (6 cm). The peak value is 39 mJy per beam. The 
beam is elongated in the N-S direction due to the low 
elevation of W28. 
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we denote G6.6-0.1A. The size and shape of this A component may be ap­
proximated by an ellipse, 7" x 3", with a position angle of 30°. Com­
ponent A is located off-center from a more extended region approximately 
45" in diameter labeled as G6.6-0.1B. Finally there is a ridge of weak 
(5% contour level) emission extending to the northwest. In the lower 
resolution map of Altenhoff et al. (1978) this ridge of emission is seen 
extending for an angular distance of about 6'. Future observations with 
the VLA in a more compact configuration will be necessary for a better map 
of the large scale features of G6.6-0.1 and the emission to the northwest. 
The combined flux density of the A and B components is 1.8 Jy at 
20 cm and 0.9 Jy at 6 cm. Because of the overresolution effects referred 
to previously, these values are lower limits to the total emission. For 
comparison, the 6 cm flux density determined by Altenhoff et al. (1978) 
is 2.66 Jy, implying that at 6 cm we have detected only 34% of the 
emission, the rest being lost because of the absence of short baselines. 
Components A and B may be spatially distinct sources accidentally 
superposed or a single complex source. Following the first interpreta­
tion we have determined the contribution of B in the region of A by 
assuming B has the spectral index of G6.6-0.1 given by Milne and Wilson 
(1971) of a = -0.2 (S^ ~ yf) and by requiring A to have the same size at 
6 and 20 cm. The resulting flux density values for A are 0.09 ± 0.03 Jy 
at 20 cm and 0.14 ± 0.02 Jy at 6 cm. The errors are not independent and 
are largely due to the uncertainties in the background subtraction pro­
cedure. The spectral index of A determined in this manner is 0.3 ± 0.2. 
If no contribution from B is subtracted, the spectral index for the A 
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region is 0.1 ± 0.1. The spectral index of the entire remnant has pre­
viously been determined to be -0.41 (Goudis 1976). 
Polarizaton maps of G6.6-0.1 were made at 6 and 20 cm. While the 
relatively low signal-to-noise ratio makes interpretation of polariza­
tion difficult, it appears that significant polarization has been 
detected at both wavelengths. The map of 6 cm linearly polarized inten­
sity is shown in Figure 4.2. The region of maximum polarized emission 
coincides within 2" with the position of G6.6-0.1A, corresponding to a 
source region which is 10% ± 4% linearly polarized. The position angle 
of the electric field vector at the polarization maximum is 15° ± 0°. 
At the position of A the percentage of polarization at 20 cm wavelength 
is 4% ± 2%.1 
Examination of G6.6-0.1 with beam sizes smaller than those shown in 
Figure 4.1 reveals no unresolved point sources. At 20 cm, we found no 
point source with a flux density greater than 32 mJy within of the 
remnant (40' diameter) and none stronger than 16 mJy within the central 
12'. At 6 cm, the point source limits are 8 mJy and 4 mJy within 10' 
and 5' diameter circles, respectively. 
X-Ray observations 
Both imaging detectors on the Einstein Observatory have been used to 
study the spatial distribution of X-ray emission from W28. The imaging 
proportional counter with 1' angular resolution produced a map showing 
Note added in manuscript.—More sensitive observations on 1982 
July 31 with the B configuration of the VLA do tend to confirm the data 
presented in this paper with the exception that no polarization was 
detected. 
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Figure 4.2. Contours of linearly polarized intensity of G6.6-0.1 
at 4863 MHz (6 cm) 
The levels shown are 2.3 and 3.5 mJy per beam. The 
peak polarized flux occurs at a position consistent 
with the location of the A feature and corresponds to 
10% linear polarization. 
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diffuse emission throughout most of the remnant (Long 1979). We have 
used the high resolution imager with arcsec angular resolution to search 
for fine structure in the central region of W28. This observation 
resulted in the detection of an unresolved source (< 3" diameter) located 
at 0((1950) = 17S7'"55!7 and 6(1950) = -23°19'59". The count rate during 
the 9 X 10^ s observation was approximately 0.002 counts s ^ correspond-
-12  -2  -1  ing to an energy flux of ~ 10 ergs cm s in the band 0.1-4 keV 
(Giaconni et al. 1979). This source is situated ~ 117 ENE of the core 
of G6.6-0.1. The X-ray images from both the IPC and HRI fail to show 
any pointlike emission from the core of G6.6-0.1. Conversely, no radio 
emission was detected from the X-ray point source above 8 and 2 mJy at 
20 and 6 cm, respectively. 
Discussion 
Previous observations of G6.6-0.1 (see Altenhoff et al. [1978] and 
Goudis [1976] for a summary of earlier material) have been limited to 
angular resolutions of a few arc minutes. In this first high resolution 
study we have resolved the source into at least two features, A and B, 
with characteristic angular dimensions of 5" and 50", respectively. 
Milne and Wilson (1971) with an antenna beamwidth of 3195 have detected 
the H109a recombination line at the position of G6.6-0.1. This observa­
tion plus the nearly flat spectrum (a = -0.2), and the small degree of 
polarization observed by them at 6 cm (2.7%) and 11 cm (1%) led then to 
conclude that the source was mainly of thermal origin superposed on non­
thermal remnant emission. Our much higher angular resolution measure­
ments are inconsistent with this interpretation. Therefore the emission 
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from this region is mainly of a nonthermal origin, presumably synchrotron 
emission. The statistical quality of our polarization observations is 
not sufficient to allow us to establish how this percentage polarization 
changes as one moves to the lower intensity region of B. 
The possibility exists that the A component is physically unrelated 
either to G6.6-0.1 or to the remnant. From the source count versus flux 
density relation of Kellerman, Davis, and Pauliny-Toth (1971), the proba­
bility of an unrelated extragalactic source of strength 0.14 Jy or greater 
-4 falling anywhere within W28 is ~ 10% and less than 10 for the region of 
B itself. In addition the morphology and spectrum of A are inconsistent 
with those typically associated with extragalactic objects. If A is not 
extragalactic and unrelated to W28, then because of its extended, non­
thermal nature, it should be classed as a supernova remnant. If this is 
the case, its surface brightness (~ 3 x 10 W m ^ Hz ^ sr would 
place it among the brightest remnants in our Galaxy (Milne 1979), com­
parable to the Crab. This is, of course, a possibility but at this time 
we prefer to consider G6.6-0.1A as a bright feature associated with W28. 
The nonthermal nature of G6.6-0.1A complicates the classification 
of W28. The only extended, flat-spectrum, nonthermal sources observed 
in the galaxy are Crab-like remnants (see Weiler and Panagia 1980 for a 
review of the subject). This central component of W28 displays all the 
radio characteristics of a Crab-like remnant. Prior to these observa­
tions W28 would have been classified as a shell remnant, but the presence 
of a Crab-like component at its center makes it one of only four remnants 
known to exhibit both shell and Crab-like features. The other three 
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remnants in this ambiguous category are CTB 80 (Angerhofer et al. 1981), 
G326.3-1-8 (Weiler and Shaver 1978), and G29.7-0.3 (Becker et al. 1983). 
The presence of a compact X-ray source near the central radio 
component raises the question of a physical association. We calculate 
the chance probability of an X-ray source of energy flux ~ 10 ergs 
-2  -1  
cm s or greater falling with 2' of the radio source to be less than 
-3 10 using the log N-log S relation of Maccararo et al. (1982) and the 
extrapolation of galactic source counts of Matilsky et al. (1973). Thus 
the observation of the nearby X-ray source is unexpected a priori. Both 
the Crab Nebula and the Vela remnant have X-ray sources which are 
associated with their "central" pulsars. In the case of the Crab (and 
for several other recently discovered X-ray sources within Crab-like 
remnants [Becker, Helfand, and Szymkowiak 1982], the X-ray source is, 
indeed, within the radio synchrotron nebula. However for the Vela 
remnant, the pulsar is displaced ~ 40' from the region of maximum emis­
sion of Vela X (see Weiler and Panagia 1980, Fig. 3) corresponding to a 
linear displacement of 5.8 pc at the distance of Vela (500 pc). This 
displacement may be understandable in view of the high space velocities 
of pulsars (in the case of Vela, > 500 km s ^) and the probability that 
the radio emitting electrons responsible for Vela X are long-lived. Thus 
the 117 spearation of the X-ray source from G6.6-0.1A can not be taken as 
decisive evidence against an association; on the contrary, if the X-ray 
source and G6.6-0.1A are both at the distance of W28 of 2.4 kpc (Milne 
1979), then their angular separation corresponds to a projected linear 
displacement of 1.2 pc or less than one-fourth of that which obtains for 
the Vela remnant. 
63 
Conclusions 
The initial motivation to study W28 in depth was fostered by the 
spatial coincidence of W28 and 2CG006-00. Both the radio and X-ray 
observations have revealed previously unknown aspects of W28 which support 
the possibility of W28 being a gamma-ray source. The radio data have 
shown a flat-spectrum, nonthermal component reminiscent of the Crab 
Nebula and Vela, both of which are confirmed gamma-ray sources. The X-
ray observations have revealed a compact source within W28, again sug­
gestive of both the Crab and Vela. If the similarities among W28, the 
Crab Nebula, and the Vela remnant are valid, the gamma-ray source 
2CG006-00 should be studied for periodicity, the conclusive signature 
of a compact source of emission. 
The relationship between G6.6-0.1 and the surrounding shell is 
ambiguous. The flat-spectrum core may be an unrelated object in chance 
superposition with a classic radio shell remnant or W28 may be a genuine 
hybrid object. The observations of the core of W28 are not definitive 
and more sensitive measurements must be made, but if the current indica­
tions are confirmed, W28 will have to be added to the growing list of 
remnants which contain associated flat-spectrum components. 
We would like to acknowledge helpful discussions with E. Fomalant, 
D. Helfand, and K. Weiler and the hospitality of the Columbia Astro-
physical Laboratory. The research was supported in part by NASA grants 
NAG8-432 and NAG8-426. 
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High-Resolution Radio Observations of Nonthermal Sources 
in the RHO Ophiuchus Dark Cloud 
Abstract 
A portion of the Rho Ophiuchus dark cloud has been mapped with the 
VLA to investigate a possible radio counterpart to the COS-B "y-ray source 
2CG353 + 16. The stronger two of the three sources detected have 21-cm 
hydrogen column densities and morphologies consistent with extragalactic 
sources. There is no radio counterpart to the y-ray source detected. 
This negative result supports the possibility that the y rays are emitted 
by the bulk mass of the cloud. 
Introduction 
The Rho Ophiuchus (p Oph) dark cloud is one of only a few COS-B 
y-ray sources which have suggested identifications. The first identifi­
cation of the dark cloud with a y-ray source was made by Black and Fazio 
(1973). The cloud has been associated with the 100-MeV COS-B y-ray source 
2CG353 + 16 (Swanenburg et al. 1981) by Mayer-Hasselwander et al. (1982) 
on the basis of a positional coincidence. The dark cloud is the only 
obvious feature within the 1?5 y-ray circle. 
One plausible mechanism to reconcile the observed properties of the 
cloud and the detected y-ray flux has been presented by Morfill et al. 
(1981). They argue that ambient cosmic rays are accelerated by an old 
supernova shock wave, seen in radio observations as the North Polar Spur 
^This paper was co-authored by J. P. Basart. It appeared in The 
Astronomical Journal, Volume 89, page 417 and is copyrighted by The 
American Astronomical Society. 
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(Loop I). The enhanced cosmic ray flux is "convected" with the shock 
into the cloud. They calculate a cosmic ray enhancement which indicates 
that the y-ray emission from 2CG353 + 16 is explained quite well using 
the observed characteristics of the Loop I SM and the dark cloud. 
The nearby (160 pc; Encrenaz, Falgarone, and Lucas 1975) p Oph dark 
cloud has been intensively studied for many years as a site of active 
star formation. There have been two reported high-resolution radio ob­
servations of this region. Brown and Zuckerman (1975), hereafter 
referred to as BZ, searched the area for compact H II regions using the 
Green Bank interferometer at 11-cm wavelength. They reported six sources 
of 10" diameter or less in this region. Later, Falgarone and Gilmore 
(1981), hereafter referred to as FG, observed the cloud at 21-cm wave­
length with the Westerbork Synthesis Radio Telescope. Their sources 
FGll, FG20, and FG21 correspond to the sources BZOl, BZ04, and BZ06 of 
the previous study, respectively. 
FG20 is clearly a thermal source. The spectrum is quite flat, the 
position coincides with an IR source as seen by Fazio et al. (1976), and 
CO emission is detected at this position (Encrenaz, Falgarone, and Lucas 
1975). FG state that FG21 is probably thermal also. They base their 
conclusion on a relatively flat spectrum and the detection of both C II, 
and S II recombination lines (Falgarone, Cesarsky, Encrenaz, and Lucas 
1978). 
FGll, on the other hand, is nonthermal. The FG and BZ observations 
imply a very steep spectrum with index a = -2.4 (S = kv**). Such a steep 
index suggests the possibility that the source is an undiscovered radio 
pulsar. 
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The possibility that FGll was an undiscovered pulsar near the y-ray 
source was quite exciting. Indeed, the only two firmly identified COS-B 
y-ray sources are pulsars (Crab and Vela). Therefore, we observed FGll 
to investigate the possibility that it could be the source of the "y-ray 
emission. 
Observation I 
The first observations were performed at the VLA^ on 18 December 
1981 with the source FGll at the center of the field of view. The C 
configuration was selected as a compromise between fairly good resolution 
and a large field of view. The resolutions obtained were 12", 3.5" and 
1" with fields of view of 25', 9', and 3' at wavelengths of 20, 6, and 
2 cm, respectively. The observations were scheduled for six hours, but 
only a little over four hours of data were obtained due to a power fail­
ure. About 80 minutes of on-source data were obtained at wavelengths of 
20 and 6 cm (1465 and 4885 MHz) and 14 minutes at 2 cm (14,965 MHz). 
The data were calibrated and maps were produced using standard VIA 
procedures. Fluxes were determined by reference to 3C286 with values of 
14.51, 7.41, and 3.45 Jy assumed at 20, 6, and 2 cm, respectively. The 
maps shown herein have been cleaned (Hogbom 1974) to reduce the side-
lobe level. Flux levels have been corrected for both primary beam and 
delay effects. 
The Very Large Array of the National Radio Astronomy Observatory 
is operated by Associated Universities, Inc., under contract with the 
National Science Foundation. 
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Observations II 
Our first observation suggested that FGll was extragalactic. To 
test this conclusion, we performed a second VLA observation on 17 January 
1983. We observed the 21-cm line of H I to look for absorption due to 
galactic matter along the line of sight. 
Nineteen antennas were used to obtain data in 31 spectral line 
channels. Each channel was 24.4 kHz wide which corresponded to a velocity 
resolution of 5.15 km/s. The center channel (No. 15) was at zero velocity 
(LSR). For comparison, the dark cloud has = 3.5 km/s (Falgarone, 
Cesarsky, Encrenaz, and Lucas 1978). 
Weather conditions (snow, sleet, and freezing rain) were such that 
the absolute flux calibration became uncertain. Consequently, no 
absolute flux could be determined. However, optical depth (T) is deter­
mined by the ratio of line to continuum flux so that the absorption 
experiment was successful. 
Results 
The data published in the FG study show four sources within our 
20-cm field of view. Table 4.1 presents the flux densities determined 
for these sources from our study and the published data of FG and BZ. 
Figure 4.3 is our 20-cm map of the region with the four FG sources indi­
cated. The details of our observations are presented by considering each 
of the four FG sources individually. 
FGll 
Data were obtained on FGll at three wavelengths. The integrated 
flux densities from our observations are 87.3 ± 1.4, 32.1 ± 0.3, and 
Table 4.1. Summary of observations 
Frequency Flux density 
Reference (MHz) (raJy) 
FGll R.A. 16 21 45.5 Dec. - 24 10 31 .0 
BZ 2 695 24 ± 3 
FG 1 415 113 ± 12 
AB 1 465 87 .3 + 0.9 
AB 4 885 32 .1 ± 0.3 
AB 14 965 9.2 ± 1.4 
FGIO R.A. 16 21 39.8 Dec. - 24 07 40. 0 
FG 1 415 45 ± 6 
AB 1 465 55, ,6 ± 1.0 
AB 4 885 19. 5 + 0.3 
FG6 R.A. 16 21 17.6 Dec. - 24 07 37. 0 
FG 1 415 11 ± 4 
AB 1 465 11. 7 ± 0.8 
FG9 R.A. 16 21 37.9 Dec. - 24 12 00 
FG 1 415 7 + 2 
NOTE to Table 4.1: This table displays integrated flux densities of the four FG sources in the region 
of this observation. The references are BZ - Brown and Zuckerman epoch 1974.0 (Brown and Zuckerman 
1975), FG - Falgarone and Gilmore epoch 1976.2 (Falgarone and Gilraore 1981), AB - this paper epoch 
1982.0. All coordinates are epoch 1950.0. 
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Figure 4.3. 21-cm contour plot of the region of our observations 
The FG designations are shown for our three detections 
along with the position of the fourth FG source 
(cross). The contour levels are 1, 3, 5, 10, 25, 40, 
60, and 80 mJy/beam. 
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9.2 ± 1.4 mJy at 20, 6, and 2 cm, respectively. The spectrum is straight 
with a spectral index of a = -0.88 ± 0.04 as determined by a least-
squares fit to these three data points. 
In Table 4.1, flux densities of FGll from BZ and FG are shown along 
with our values. It is clear that both the BZ and FG measurements are 
inconsistent with our values. The natural explanation is that FGll is 
intrinsically variable. 
Figure 4.4 is an intensity map of FGll at 6 cm with polarization 
vectors. The signal has peak polarization levels of 1.6% and 5.8% at 
20 and 6 cm, respectively. The 2-cm observations were not sufficiently 
sensitive to detect polarization at this level. The decrease in polari­
zation between 20 and 6 cm is well explained by internal Faraday rotation 
as proposed by Burn (1966). These data imply an internal rotation 
2 
measure of R = 0.006 05 rad/cm . 
While the 2-cm observation was not of sufficient duration to produce 
a sensitive map, we were able to estimate the size of FGll as 2'.'5 FWHM. 
This size is consistent with the 20- and 6-cm observations. In Fig. 4.3, 
one can see a low contour level of FGll to the North. The more sensitive 
6-cm observations did not show this extension, so it is likely that the 
extension at 20 cm is not real. 
The finite angular extent of FGll and the small value of the spectral 
index make it clear that this source is not a pulsar. 
The unsmoothed spectral line data on FGll and FGIO are presented in 
Fig. 4.5 as a plot of flux density versus channel number. The column 
density has been calculated using = pTgJtdv (Clark 1965), where 
p = 3.88 X lO^^/K kHz, T^ is the kinetic temperature (assumed to be 80 K), 
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Figure 4.4. 6-cm contour plot of FGll with polarization vectors 
The contour levels are 0.5, 1, 2, 3, 8, 16, and 
25 mJy/beam. The FWHM beam and the polarization 
scale are indicated in the figure. FGll is only 
slightly resolved in this figure. 
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Figure 4.5. Plot of flux density vs channel number, for FGIO and 
FGll showing HI absorption 
For each source the continuum level (dotted line) 
has been determined by averaging channels 1-11 and 
17-28. The error bars shown are la rms values for 
those channels. •' s indicate the data points that 
have been used to calculate the column density. 
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and I is the optical depth. For FGll, t ranges from 0.11 to 0.56 for the 
four channels that show absorption. The actual calculation was performed 
by summing over those channels around the absorption minimum more than lo 
below the continuum level. We obtained a value of equal to 8.8 ± 1.4 
X 10^° H/cm^. 
An H I emission profile near our position has been published by 
Tolbert (1970). The emission profile is very sharply peaked (FWHM 
< 20 km/s) with the peak displaced to a slightly positive velocity 
(3-7 km/s). The emission extends over the velocity range -20 to 
+30 km/s. 
Our absorption profile is peaked at = +5 km/s and extends over 
the velocity range 0 to +16 km/s. This is narrower than the emission 
profile of Tolbert. However, our observations were not particularly 
sensitive (rms error = 4 mJy/beam) so we could not expect to detect weak 
absorption. We do not believe that our absorption profile is incompat­
ible with the emission profile. 
The total H I column density for the galaxy at this position is 
approximately 1.4 x 10^^ H/cm^ (Heiles 1975). This is sufficiently close 
to our calculated value to suggest that FGll is probably extragalactic. 
The small size, the value of the spectral index, the probable variability, 
and the large H I column density all support the possibility that FGll is 
a fairly normal extragalactic radio source. 
FGIO 
FGIO, located about 3' N-NW of FGll, is outside the field of view 
in our 2-cm observations. The integrated flux densities from our 20-
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and 6-cm observations are 55.6 ± 1.0 and 19.5 ± 0.3 mJy, respectively. 
The spectral index between 20 and 6 cm is a = -0.82 ± 0.04. 
Our flux measurement at 20 cm differs from the FG value shown in 
Table 4.1. However, the departure is less than 2a which may not be 
significant. It is worth noting that the departure of the FG data from 
our values is in opposite directions for FGIO and FGll and therefore, 
if not indicative of genuine variability, probably represents a random 
rather than systematic error. 
Figure 4.6 is an intensity map of FGIO at 6 cm with polarization 
vectors. The source is resolved into two lobes separated by about 10". 
This separation is too small to be resolved at 20 cm. The flux densities 
of the lobes are 12.5 and 7.0 mJy. 
FGIO is more strongly polarized than FGll. The polarization is 2.8% 
and 9.7% of the total intensity at 20 and 6 cm, respectively. It again 
appears that Faraday depolarization has occurred with an implied internal 
2 
rotation measure of R = 0.005 99 rad/cm . The similarity of the direction 
of the polarization vectors in the two lobes suggests that this is one 
composite source rather than two sources in a chance superposition. 
The line data for FGll are displayed in Fig. 4.5.  The absorption 
extends over the velocity range of -21 to +21 km/s with the peak again 
at +5 km/s. This is in good agreement with the emission profile of 
Tolbert (1970). I ranges from 0.17 to 0.84 in the six channels which 
show significant absorption. This leads to a calculated column density 
of (1.8 ± 0.4) X 10^^ H/cm^, which is in agreement with the published 
value (~1.4 x 10^^ H/cm^) (Heiles 1975) and strongly suggests that FGIO 
is extragalactic. 
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Figure 4.6. 6-cm contour plot of FGIO with polarization vectors 
The contour levels are 0.5, 1, 2, 4, 6, 8, and 
10 mJy/beam. The FWHM beam and the polarization 
scale are indicated in the figure. FGIO is 
resolved into two lobes separated by 10". 
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Could FGll and FGIO be physically associated? From the published 
data of KeHermann, Davis, and Pauliny-Toth (1971) we have calculated 
that the a priori probability that a source with 6-cm flux > 20 mJy 
exists within 3' of FGll as ~2%. This value is small enough to suggest 
that the two sources may be associated, but not so small as to make the 
physical association likely. 
FG6 
FG6 is so far from FGll that it was observable only at 20-cm wave­
length. Our observations yield a flux density of 11.7 ± 0.8 mJy which 
is in very good agreement with that determined by FG (see Table 4.1). No 
polarization was detected. However, the source is so weak that only a 
very high level of polarization could have been observed. Due to the lack 
of data, nothing more will be said about this source. 
FG9 
The position given for FG9 by Falgarone and Gilmore (1981) is such 
that FG9 should have been detected at 20- and 6-cm wavelengths. It was 
not. We found no significant flux at or near the position of FG9. This 
source appears to be near the detection limit of the FG observations and 
may not exist. Alternatively, the source may be sufficiently large and 
faint that it was undetectable in our observations, or it may have 
become unobservable due to intrinsic variability. 
Discussion 
FGll is clearly not a %-ray pulsar. In fact, since the COS-B y-ray 
sources are a galactic population, the extragalactic nature of FGIO and 
FGll make it unlikely that they have any connection with the y-ray source. 
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This study and its negative result does support the identification 
of the p Oph dark cloud with 2CG353 +16. We have examined the Master 
Source List of radio observations (R.S. Dixon, Ohio State University) and 
found that there are no galactic sources not associated with the cloud 
within 292 of the y-ray position to a flux limit of 0.2 Jy at 1415 MHz. 
The Palomar Sky Survey prints are dominated by the dark cloud so that we 
can only conclude that there is no reasonable optical candidate for 
2CG353 + 16 at a distance closer than the dark cloud. 
The lack of any other candidates makes it likely that in fact p Oph 
is associated with the y-ray source. Furthermore, the lack of strong 
radio sources within the cloud make it reasonable, that as suggested by 
Black and Fazio (1973), the y-ray emission does indeed arise from the 
bulk matter of the cloud. 
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Observations of the Thermal Radio Source G6.6-0.1 
Positionally Coincident with the W28 SNR 
Abstract 
This paper reports scaled-array continuum and H76a line observations 
of the radio source G6.6-0.1 which is positioned at the center of the 
W28 SNR. The source exhibits a bright core surrounded by extended emis­
sion which appears organized into arcs and wisps. G6.6-0.1 is inter­
preted as a compact HII region with a unique morphology. 
Introduction 
W28 is a well known supernova remnant (SNR) which was first identi­
fied by Courtes et al. (1964). The remnant is about 45' in diameter and 
extends over about 60% of a full circle centered at G6.4-0.2 (W28-A1). 
The early radio observations of W28 have been collected and presented by 
Goudis (1976). 
The W28 SNR lies in a complicated region of the galactic plane. M8, 
the Trifid Nebula, and M20, the Lagoon Nebula, are both within one-half 
degree of W28. There is also a smaller HII region (identified as W28-A2) 
less than one degree south of W28. The possible relation of the remnant 
to the thermal sources is discussed by Goudis (1976), Wooten (1981), 
Venger et al. (1982) and Hartl et al. (1983). While the evidence is not 
conclusive, they argue that all of these sources may be physically 
associated. 
^This paper was co-authored by J. P. Basart and R. C. Lamb. It has 
been submitted to The Astronomical Journal. 
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Our attention was drawn to the W28 SNR by a positional coincidence 
with the COS-B "y-ray source 2CG006-00. A series of short duration obser­
vations (snapshots) was performed at the VLA^ to search the interior of 
the remnant for compact sources (Andrews et al., 1983), hereafter Paper 1. 
While no compact sources were seen, we detected a resolved source (G6.6-
0.1) at approximately the center of the W28 shell. 
This paper reports a series of observations to investigate the nature 
of G6.6-0.1. Continuum observations with comparable resolution at 22, 20, 
6, and 2 cm are presented. The H76a recombination line has also been 
observed. The source exhibits a strikingly uncommon morphology with 
extensive large scale structure that appears to be organized into arcs. 
An interpretation of the emission as due to a thermal source will be 
presented. 
Observations and data reduction 
Continuum The center of the W28 SNR was observed in the B, C, 
and D configurations at the VLA. The observing position was 17^ S?"" 47^, 
23°20*24" (1950.0). The details of the observations are presented in 
Table 4.2. For each observing frequency, the on-source observing time, 
the number of antennas, the synthesized beam size, and the field of view 
are given. The field of view is determined by the delay beamwidth in 
the B array and by the width of the primary beam in the C and D arrays. 
The combination of array size and frequency gave a reasonable 
compromise between resolution and field of view. Two observing fre-
^The Very Large Array of the National Radio Astronomy Observatory is 
operated by associated Universities, Inc., under contract with the 
National Science Foundation. 
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quencies (hereafter 20 cm and 22 cm) were selected in the L band in the 
first observation. This was done to insure that, if polarization was 
detected, it would be possible to make an accurate determination of rota­
tion measure. The exact observing frequencies at 6 cm in C and 2 cm in D 
arrays were selected to yield the same synthesized beam as the 22 cm, B 
array observation. These three observations make up the scaled-array 
data. 
Data from less than 27 antennas were usable in some of the obser­
vations as listed in Table 4.2. The low altitude of W28 caused such 
severe shadowing in the D array that two antennas were eliminated. In 
the observations of November 1982 and January 1983, there was one antenna 
not in service due to technical difficulties. The data were edited to 
eliminate "bad" antennas following standard VLA procedures (see An Intro­
duction to the NRAO Very Large Array edited by R. J. Hjellming and 
Synthesis Mapping: Proceedings of MAO-VLA Workshop edited by A. R. 
Thompson and L. R. D'Addario). The numbers in Table 4.2 refer to the 
data after the editing process. Each antenna has two receivers sensitive 
to orthogonal circular polarizations. The notation of 1/2 an antenna 
indicates that data from only one receiver on one antenna were used. 
The variation of the beam sizes in Table 4.2 is due to nonuniform 
u-v coverage. In the 2-cm D array observation, antenna failure and data 
editing produced a substantially larger beam. Furthermore, due to both 
shadowing and data editing, the number of short baselines was reduced in 
the D array. In all cases, the beam orientation is within 5® of N-S. 
Data calibration was done using standard VLA procedures. Flux 
densities were determined by reference to 3C286 with flux values of 14.94, 
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Table 4.2. Summary of observations 
Frequency Time # Antenna Beam size Field bf view 
(MHz) (Min) (") (FWHM, ') 
July 31, 1982 B Array 
1380 (22 cm) 
1515 (20 cm) 
96 
96 
27 
26 1/2 
7.2 
6.7 
X 
X 
4.1 
3.7 
9 
9 
November 6, 1982 D Array 
14835 (2 cm) 117 23 8.3 X 4.0 3 
January 31, 1983 C Array 
4885 (6 cm) 101 21 1/2 6.8 X 3.6 9 
April 14, 1984 C Array 
(100 MHz bandwidth) 
4885 300 27 6.0 X 3.0 9 
14.27, 7.41 and 3.47 Jy at 22 cm, 20 cm, 6 cm, and 2 cm, respectively. 
A self-calibration (Schwab 1980) has been done on phase only. 
The maps shown in Figure 4.7 have been generated by an experimental 
image reconstruction algorithm developed by T. J. Cornwell of the NRAO 
staff which uses the maximum entropy method. For complex extended 
sources, this algorithm produces maps with much better dynamic range 
than is obtainable by standard techniques. All of the morphology in 
these maps is present in maps produced by conventional clean (Hogbom 
1974) techniques. All values of flux densities have been obtained from 
the cleaned maps. 
Line On May 23 and 24, 1983, we observed the H76a (v^ = 
14689.99 MHz) recombination line at the VLA in the C-D hybrid array which 
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produced a more nearly circular beam than the straight D array. Data 
were used from 23 antennas on the first day and 24 on the second day. 
There were 31 spectral line channels each of width 195.3 kHz (Av = 
4.0 km/s), covering the velocity range -43 to +81 km/s. The H109a 
recombination line has been observed by Milne and Wilson (1971) to have 
a velocity of v = +14.7 km/s (all velocities LSR) at the position of 
G6.6-0.1. Therefore, our observing frequency was adjusted so that 
v = +14.7 km/s occurred at channel 17. The continuum (channel 0) had a 
bandwidth of 9.4 MHz. 
The data were phase and amplitude calibrated by reference to the VIA 
calibrator 1730-130. The flux density of 1730-130 was determined by this 
observation to be 6.0 ± 0.1 Jy at 14690 MHz. The flux density scale was 
determined by assigning a value of 3.50 Jy to 3C286. 
A self-calibration was done on channel 0 to correct phases only. 
The corrections for channel 0 were then applied to channels 1-31. The 
continuum was subtracted from the line channels in a two step process. 
A map of channel 0 was cleaned and the clean components were subtracted 
from the u-v data of all 32 channels. Maps were produced for all 32 
channels and then channel 0 was subtracted from channels 1-31. The line 
data as presented has been Banning smoothed to reduce the noise level. 
The velocity resolution in the smoothed data is 6.7 km/s. 
Results and discussion 
Morphology, flux densities The morphology of the source is 
illustrated in Figure 4.7 which displays contour plots of the source at 
the four observing wavelengths. The key features are the bright core 
Figure 4.7a. Contour plot of G6.6-0.1 at 22 cm wavelength 
Levels are 0.1, 0.5, 1, 2, 4, 8, 16, 30, 40, 50, 
60, 70, 95% of 100.6 mJy/beam. 
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Figure 4.7b. Contour plot of 6.6-0.1 at 20 cm wavelength 
Levels are 0.1, 0.5, 1, 2, 4, 8, 16, 30, 40, 50, 
60, 70, 95% of 92.8 mJy/beam. 
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Figure 4.7c. Contour plot of G6.6-0.1 at 6 cm wavelength 
Levels are 0.1, 0.3, 0.5, 1, 2, 4, 6, 8, 12, 16, 
30, 40, 50, 60, 80, 95% of 81.07 mJy/beam. A 
portion of a circle has been drawn in the 6 cm 
plot to illustrate the circular arc discussed in 
the text. 
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Figure 4.7d. Contour plot of 
Levels are 0.1, 
40, 50, 60, 70, 
G6.6-0.1 at 2 cm wavelength 
0.3, 0.5, 1, 2, 4, 8, 16, 30, 
80, 95% of 97.5 mJy/beam. 
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surrounded by a nebulosity, a prominent flattened arc concave downward 
passing through the nebulosity, a system of less intense arcs and wisps, 
and a ring structure north of the peak. 
The source is about 50" in size (1% contour). The bright core has 
the shape of an elliptical gaussian 7" by 5" (FWHM) at a position angle 
of +45®. The extensions to the upper right and lower left of the 
flattened arc are fit very well by a single circular arc (centered at 
approximately 17h 57m 49s, -23° 20' 50") which has been drawn onto the 
contour plot of Figure 4.7c. All of the source structure is resolved 
with the exception of the N-E arc which is not resolved and is very 
sharply defined on the north side. 
There is complex low level emission which appears to be organized 
into arcs. Roughly 2' north of the emission peak there is a circular 
structure that looks like a smoke ring. This feature is clearly visible 
at all four wavelengths. Several other circular-type features are 
visible. Adjacent to the large downward arc is a concave upward arc 
forming about 3/4 of a loop. The upward arc is most intense near the 
downward arc and decreases in intensity to the upper right. 
Information on the large scale structure of the source is contained 
in the data of the short baselines. The deficiency of short baselines 
at 2 cm results in a lack of information on structure larger than about 
1'. The lack of diffuse structure in Figure 4.7d probably reflects the 
lack of short baselines. 
There are two difficulties in determining the total flux density of 
this source. Due to the complex extended emission it is necessary to 
place a boundary on the source and then sum the flux density inside the 
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boundary. Also, the total flux density is largely determined by the data 
from short baselines. There is only a small amount of data at short 
baselines and the u-v coverage at short baselines varies significantly 
between wavelengths. These two problems result in large systematic 
uncertainties in determining total flux densities. 
For the maps shown in Figure 4.7 the total flux density has been 
determined by setting the source boundary at 6 mJy/beam at 22 cm and 
20 cm, 3.5 mJy/beam at 6 cm, and 4 mJy/beam at 2 cm. The choice is 
rather arbitrary but it does result in a sum over nearly equal areas. 
The systematic error due to drawing the boundary is approximately 0.1 Jy. 
The total flux densities are found to be 1.8, 2.0, 1.8, and 1.4 Jy at 
22, 20, 6, and 2 cm respectively. The shortest baselines were about 900 
wavelengths at 2 cm and about 600 wavelengths in the other observations. 
Based on a simplified analytical model the lower flux density observed 
at 2 cm may be a result of the larger u-v minimum. 
Line data The profile of the H76a recombination line observa­
tion is presented in Figure 4.8. The total source flux density after 
subtracting the continuum is plotted vs. channel number. 
This is not a strong source and it was not clear that the recombina­
tion line would be observable. As expected, the line signal was smaller 
than the pixel-to-pixel RMS noise level. The numbers plotted in Fig­
ure 4.8 were obtained by summing over that area in each of the channel 
maps (1-31) which contained the source in the original continuum map 
(channel 0). 
The recombination line is clearly seen. The line peak is at 
V(LSR) = +15 km/s which agrees with the H109o( measurement of Milne and 
Figure 4.8. The H76a Hydrogen recombination line plotted as 
total flux density vs channel 
# indicates the 9 channels which are 2a above the 
RMS. The velocity of line center and the velocity 
range observed are also shown. The data have been 
Manning smoothed. 
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Wilson (1971). The line is present in channels 12-22. For channels 1-11 
and 23-31 the line is not seen. The average for channels 1-11 (23-31) is 
1 ± 6 mJy (4 ± 6 mJy). The low level of the signal and the less than la 
difference between the wings indicate that the continuum flux has been 
properly subtracted. Using the channel-to-channel variation as a, there 
are 9 adjacent channels with summed flux densities at least 2a above 
that of the wings. The peak flux density of 71 mJy is an 11a result. 
The continuum flux density (channel 0) summed over the same area as the 
line channels is 830 ± 20 mJy.^ This yields a ratio of T^/T^ = .09 ± .01. 
This is somewhat larger than the value of Milne and Wilson (1971) on 
H109a which was T^/T^ = .05. 
The FWHM of the line is = 20 km/s. This implies an electron temp-
of the line in km/s and m is the mass of the species in amu. This temper­
ature is an upper limit since the line may be broadened by effects such 
as rotation of or turbulance in the gas. 
Thermal interpretation 
There are four arguments that support the thermal interpretation 
for this source. The spectrum is consistent with a thermal source, 
there is no polarization detected, the line observation suggests a 
thermal source, and the derived parameters of the thermal source seem 
reasonable. 
^This value is much smaller than that determined for the 2-cm 
continuum observation. This illustrates the systematic difficulty in 
determining total flux with insufficient data at short baselines since 
the C-D hybrid array the baselines are longer than for the D array. 
8600°K (Brown et al.,1978) where Av is the FWHM 
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The total flux density of the source is properly determined from 
single dish observations. Fortunately, this data exist. Shaver and 
Goss (1970) found a total flux density of 3.8 Jy with a beam of 2165 
X 2186 at 408 MHz (73 cm). Altenhoff et al. (1978) with a 216 beam at 
4875 MHz (6 cm) observed a peak flux density of 4.0 Jy. Milne and 
Wilson (1971) obtained a flux density of 4.2 Jy at a frequency of 5 GHz 
(6 cm) with a 410 beam. Finally, Kundu and Velusamy (1972) with a 3' 
beam at 10.76 GHz (2.8 cm) found a flux density of 5.4 Jy. The small 
variation of flux density with frequency implies a thermal source. 
The data of our observations are in reasonable agreement with the 
thermal interpretation. The systematic uncertainties arising from the 
lack of short baselines and the nonuniform u-v coverage make the deter­
mination of spectral indices from our data rather uncertain. Fortunately, 
at the flux peak, the structure is small scale and the peak flux density 
should be only weakly affected by short baselines. Therefore, the 
cleaned maps have been convolved with the 2 cm beam. The peak flux 
densities are 108, 112, 116, and 98 mJy/beam at 22, 20, 6, and 2 cm 
respectively. The 4885 MHz peak is that of the January 1983 data which 
was used because of the larger synthesized beam. A least squares linear 
fit of log flux density vs log frequency yields a spectral index of 
a = 0.0 which suggests a thermal source. 
The observation of April 1984 was intended to provide a sensitive 
polarization limit. The peak of the polarized intensity for this data 
is 0.06 mJy/beam with the polarized intensity everywhere less than 0.5% 
of the total intensity and less than 0.05% of the emission peak. There 
is no significant polarization detected in any of these observations. 
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The observation of the recombination lines strongly supports the 
thermal interpretation. The inferred electron temperature (T^ < 8600®K) 
is reasonable. Brown et al., (1978) shows that, at this frequency, the 
ratio of T^/T^ will usually be in the range .08 to .17. Our value of 
T^/Tg (.09) is in that range. The lower value of T^/T^ (.05) obtained by 
Milne and Wilson (1971) at a lower frequency is also consistent with a 
thermal source (Brown et al., 1978). 
For a purely thermal source, it is possible to estimate the electron 
density and total mass of the gas. For optically thin thermal emission 
(free-free bremsstrahlung), the observed flux density is obtained by 
integrating over the source volume 
S(v) = —^ I e(v)dV ergs cm ^s (4.1) 
where D is the distance to the source, V is the source volume, and e(v) is 
the emission coefficient. Using an electron temperature of T^ = 8600° K 
and the result of Pacholczyk (1970, p. 60) 
ig(v) = 2.3 X lo"^^ (31.29 - Inv) ergs cm"^s"^Hz"^. (4.2) 
For a homogeneous spherical source at a distance of 2 Iqic, the 
thermal flux of 1.4 Jy at 2 cm in^lies an electron density of = 
4 X 10^ e/cmf. This value of and T^ = 8600* K in^lies N(HI)/N(HII) = 
4 (from the Saha equation). The total mass of the gas is M = 30 Mg. 
The above numbers should be considered order-of-magnitude estimates 
only. The morphology of maps in Figure 4.7 is not that of a spherical 
homogeneous source. The distance to the source is not known [2 kpc is 
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the approximate distance of the W28 SNR (Goudis 1976)]. Finally, there 
is no reason to assume the source is in thermodynamic equilibrium. 
Nevertheless, the values of T , N , and M seem to be reasonable for a 
e e 
compact HII region. Wink et al. (1982). 
It is straightforward to calculate the optical depth for the above 
model. The largest value of the optical depth is then t = 0.01 at 2 cm 
and = 1.3 at 22 cm. This suggests that the source may not be optically 
thin at the longest wavelengths. 
There is some support for this possibility in our data. The peak 
flux density is largest at 6 cm. This could be due to increasing optical 
depth rather than systematic uncertainties. The 408 MHz flux density is 
lower than that at 5000 MHz (3.8 Jy vs 4.0 or 4.2 Jy). If this differ­
ence is significant, it would be consistent with a small portion of the 
source being optically thick at 408 MHz. 
Discussion and conclusions 
In Paper 1 we divided the source into components A and B. Component 
A is the small bright core which in Paper 1 was identified as nonthermal 
on the basis of spectral index and a marginal (2.5a) detection of polar­
ization which is not confirmed by these observations. We now believe 
that both A and B are thermal. The unusual spectrum, S(6 cm) > S(22 cm) 
is probably due to an increasing optical depth at 22 cm. 
G6.6-0.1 appears to be a fairly normal compact HII region with a 
strikingly uncommon morphology. We are not familiar with any published 
accounts of thermal sources which exhibit the sort of extended organized 
structure seen in G6.6-0.1. The arcs are suggestive of shock waves. The 
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appearance of a shock is particularly strong for the N-E arc where the 
"leading" edge is particularly sharp. 
A far IR observation of G6.6-0.1 has been reported by Odenwald 
et al. (1984). They conclude that the source is a fairly normal HII 
region, and argue that the agreement of G6.6-0.1 with the center of the 
W28 SUR is a positional coincidence. 
Is the thermal source associated with the W28 SNR? The observed 
line velocity of +14.7 km/s yields a kinematic distance of 3.6 kpc or 
16.7 kpc (Milne and Wilson, 1971). Due to the small galactic longitude 
(6?6) this distance is uncertain by perhaps 2 kpc. The distance of 
G6.6-0.1 is not inconsistent with that of the remnant. However, there 
is no real evidence to indicate that the thermal source and the remnant 
are associated. 
Is there any evidence for nonthermal emission? None of the features 
seen in these maps exhibits significant polarization or spectral indices 
inconsistent with a purely thermal source. Our data do not rule out 
the possibility that some small fraction of the emission is of non­
thermal origin. In particular, since the W28 SNR fills the primary beam, 
it would not be surprising if some of the largest scale structure were 
due to synchrotron emission from the remnant. 
The blue Palomar print shows at least 9 objects brighter than 19th 
magnitude within the area of the radio emission. Optical observations 
will be needed to determine if there is any physical association with 
G6.6-0.1. We also intend further work in an attempt to understand the 
nature and origin of the unique structure seen in this thermal source. 
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High Frequency Radio Observations of Four Gamma-ray 
Fields with the 140' Telescope 
This paper reports a largely unsuccessful effort to produce sensi­
tive radio maps of four gamma-ray fields. A contour plot and a table 
of sources are presented for the single field in which there are signifi­
cant detections. 
Introduction 
It is at least plausible that there will be detectable radio counter­
parts of the COS-B gamma-ray sources. The radio data which are collected 
from the Master Source list and sorted by gamma-ray field will be presented 
in Chapter 5- The discussion in Chapter 5 will show that it is almost 
necessary to have radio maps to interpret this data. 
There are published radio maps that cover all or part of several 
gamma-ray fields (see Chapter 5) with a resolution of a few arc minutes 
and a sensitivity of a few tenths of a Jy. Also, there have been two 
recent surveys with the 300-foot telescope at Greenbank that will produce 
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radio maps covering several gamma-ray fields. The first survey is that 
of a group headed by B. Burke at MIT which covers all or part of three 
gamma-ray fields. The second survey is that of Taylor and Gregory 
(1983). While this survey is primarily a search for variable sources, 
it should lead to maps for six gamma-ray fields. 
There are eleven unidentified COS-B sources at declinations higher 
than -23°. Seven of these fields are in the regions covered by one of 
the above surveys. This paper reports observations of the other four 
fields with the 140 foot telescope at Greenbank. 
There were several reasons for observing with the 140 foot tele­
scope. First, it is desirable to map these fields with a single dish 
telescope so that large scale structure can be observed. Second, the 
field 2CG235-01 is entirely below the elevation limit of the 300 foot 
telescope. Finally, the 140 foot telescope is fully steerable so that 
the fields could be completely mapped in a few days of observations. 
The observations were planned at a wavelength of ~ 4 cm with no 
beam switching. The high frequency was selected to produce a beam size 
of a few arc minutes. Also, at a high frequency the diffuse galactic 
background can be ignored while typical galactic sources such as HII 
regions and SNR will still be detectable. Beam switching was not done 
since, although it does increase sensitivity, it makes large scale 
structure unobservable. 
Observation and data reduction 
The four gamma-ray fields 2CG013+00, 095+04, 121+04, and 235-01 were 
observed with the 140-foot telescope. The observing runs lasted for 
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thirteen hours each on the nights of July 14-17, 1983. The data from the 
first night were not usable due primarily to an error in the observing 
program. In addition, roughly 1^ hours of data were lost on the fourth 
night due to a weather related power failure. 
The fields were mapped by scanning in Right Ascension (RA) at a 
rate of 295 per minute at a constant declination. Declination scans 
were separated by 2'. Data were recorded every 0.2 seconds and in 
later analysis smoothed so that the data points were separated by 2' in 
RA. The actual observing frequency of 6109 MHz (center frequency of the 
125 MHz passband) was selected by tuning the telescope to minimize the 
system temperature. 
The telescope was operated as a total power receiver i.e., point at 
the sky and record the signal. The signal was calibrated by reference 
to a thermal noise tube at a temperature of 6.4°K. Point-like radio 
sources with known flux densities were observed to verify the calibration 
and telescope pointing. The calibration was found to be accurate to ~5%. 
The pointing correction was never larger than 1' and was usually < 0.2'. 
Each RA scan was examined individually. About 1 of 20 scans clearly 
showed the effect of some sort of interference and those scans were 
rejected. Each scan was scaled by subtracting a constant level so that 
the minimum signal was set to zero. The comparison of scans at a given 
declination taken at different times indicates that this method did a 
reasonable job of removing the atmospheric signal. Scans at a given 
declination were then averaged together and the averaged scans scaled so 
that the minimum signal was zero. There were from 2 to 5 scans (typically 
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4 or 5) averaged at aay given declination. The scans were combined to 
form maps which were then smoothed to a resolution of about 6'. 
Results 
There are sources observed only in the field of 2CG013+00. The 
results of the observations of this field are displayed in Figure 4.9 
and Table 4.3. The figure is a contour plot of the gamma-ray field. 
The source at 18^ 11?6, -16° 47' is unresolved and the contours around 
this position can be taken as the beam shape. There appear to be five 
or six sources which all lie close to the galactic plane. The seven 
emission peaks of Figure 4.9 are listed in Table 4.3 which gives the 
positions in RA and declination as well as £ and b and the peak and total 
flux. Entries 2+3 and 6+7 may be parts of single sources. The total 
fluxes listed in Table 4.3 are based on Gaussian fits to the data in 
Figure 4.9. 
There are no sources detected in the other three fields. The 
detection limits are .3Jy/beam, .2Jy/beam and .4Jy/beam for the fields 
2CG015+04, 2CG121+04, and 2CG235-01, respectively. This result was 
disappointing. However, the data from the MSI (see Table B.la) make 
it clear that no sources of this strength should have been expected. 
These observations did not produce good maps of the gamma-ray fields. 
Even for the field of 2CG013+00 where sources were observed, a previously 
published map (Figure 5.2) does a better job of displaying the radio 
sources in the gamma-ray field. 
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Figure 4.9. Radio observation of the gamma-ray field 2CG013+00 
A contour plot of the gamma-ray field 2CG013+00 at 6109 
MHz. The contour levels are 0.5, 1.0, 1.25, 1.5, 1.75, 
2.0, 2.2, 5, 2.5, 2.75, 3.0, 3.5, 4.0, 4.5 Jy/beam. The 
location of the galactic plane is shown. 
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Table 4.3. Radio emission peaks in the gamma-ray field 2CG013+00 
RA dec S. b Peak flux Total flux 
(Jy/beain) (Jy) 
1 18 13.9 -16 14 14.7 +0.1 4.51 14.8 
2 18 13.8 -16 44 14.2 -0.1 2.84' 
\ 9.9 
3 18 13.4 -16 48 14.0 -0.1 2.88 1 
4 18 11.6 -16 47 13.9 +0.3 2.47 2.5 
5 18 12.3 -17 03 13.7 0.0 1.95 
a 
6 18 11.3 -17 17 13.4 +0.2 2.42 
7.8 
7 18 11.1 -17 29 13.2 +0.1 2.97 
^For this source the Gaussian algorithm source fitting did not 
converge. 
Conclusion 
It still seems desirable to have sensitive single dish maps of the 
gamma-ray fields. The proper instrument for this mapping is probably 
the 100 meter Bonn telescope which is steerable. Sieber and Schlickeiser 
(1982) have used the Bonn telescope to map the field of 2CG195+04 (see 
Figure 5.10). They produce a map of this field to an RMS noise level of 
~26 mJy at 18 cm wavelength and ~2 mJy at 6 cm. 
A reasonable procedure would be to map an area of about four to six 
times the area of the gamma-ray field at a long wavelength. These maps 
would both detect the sources and uncover any large scale structure. 
The regions containing the radio sources could then be mapped at shorter 
wavelengths. This procedure should detect the radio counterparts of the 
COS-B sources to a limit of ~0.1 Jy. 
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CHAPTER 5. RADIO OBSERVATIONS NEAR GAMMA-RAY SOURCES 
In the preceding chapters of this thesis, I have argued that it is 
plausible that the COS-B gamma-ray sources will have observable radio 
counterparts. It seems reasonable to test this hypothesis by searching 
the existing radio data for these counterparts. Fortunately, the 
published radio data have been collected in a continuing program at Ohio 
State University. The collected data are available as the Master Source 
List (MSL) of radio observations. In this chapter, I consider the MSL 
radio observations of the unidentified COS-B sources. 
The MSL consists of about 93,000 entries as of November 1981. Those 
entries which have positions within 1.5 times the 90% error radius of 
the COS-B gamma-ray position have been included in Table B.la. Informa­
tion on the surveys and the references are contained in B.lb. The 
sources that are known to be pulsars are presented separately in 
Table B.2. In many cases, the actual radio surveys contain more informa­
tion than can be reproduced in the appendix. 
After generating the twenty-two lists which make up Table B.la, 
I looked for ways to group the gamma-ray fields. The simplest grouping 
was to divide the fields on the basis of source strength. Eleven of the 
twenty-two fields contained sources with flux densities > 100 Jy. 
This division was modified by two changes. The field of 2CG289+64 
contains only the radio source 3C273 which, while quite strong, is extra-
galactic and so not characteristic of either the other strong fields or 
the unidentified COS-B sources. The field of 2CG075+00 contains several 
moderately strong (20-40 Jy) sources. The sources are clearly extended 
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and of galactic origin which is characteristic of the strong fields. 
Therefore, it was included in a group of eleven COS-B sources which I 
shall refer to as full fields. 
The Full Fields 
The eleven COS-B sources which I have grouped together as the full 
fields may represent a single type of gamma-ray source. These fields 
all contain extended, thermal, galactic sources and I shall argue that 
the gamma-rays result from the interaction of diffuse matter and cosmic-
rays. 
I shall present the eleven fields individually and, where possible, 
identify the individual radio sources before further discussing the 
fields as a group. The MSL information has been supplemented by other 
published data listing identified SNR, 0-B associations, and HII regions. 
It is difficult to interpret the MSL data without an informative map 
of the region. I have collected a large number of radio maps of gamma-ray 
fields, and I have reproduced the "best" map of each field. Unfortunately, 
there are no informative radio maps of several of the COS-B fields. 
2CG006-00 
There are 63 entries for this source in Table B.la the majority 
of which are accounted for by two extended sources. The W28 SNR which 
is centered at approximately G6.6-0.1 accounts for 27 of the entries. 
W29 is an HII region (also known as M8 or the Lagoon Nebula) centered 
at G6.0-1.2 and is represented by 15 entries. There is a second HII 
region (M20 or the Trifid Nebula) seen in Figure 5.1 near G7.0-0.2. 
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Figure 5.1. Radio map of the gamma-ray field 2CG006-00 
A contour plot of the region around the gamma-ray source 
2CG006-00 at a frequency of 2.7 GHz. The contour levels 
are multiples of 1.0°K brightness temperature with a 
beam size of 8' (Shaver and Goss, 1970). 
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There are three addiLional sources visible in Figure 5.1 and listed in 
Table B.la. There are two unresolved sources at G5.5-0.2 and 07.4-0.7 
and a resolved source at G5.4+0.1. 
This is the COS-B field with which I am most familiar. The source 
at G5.5-0.2 is an HII region referred to as V/28-A2 (see Chapter 4 and 
the references therein). The thermal sources (M8, M20, W28-A2) may 
be associated with the SNR at a distance of ~2 kpc. The suggestion has 
been made that M8 and M20 are physically associated with the Sgr OBI 
association (Rowan-Robinson, 1980) at a distance of ~1.6 kpc. 
It is possible that there is enough diffuse mass to account for the 
gamma-ray emission. The W28 remnant is expanding into the interstellar 
medium where p > 100 H/cm^ (Lozinskaya 1974; Hartl et al., 1983). If 
W28, M8 and M20 are part of one complex, this density could extend over 
about 2°. A sphere of 2° diameter at a distance of 2 kpc with a density 
3 5 
of 100 H/cm would contain *^<4 x 10 Mq. The observed gamma-ray flux 
would then require a cosmic-ray enhancement factor of f < 10 (Equation 
3.1). If the remnant and the OB association are sufficiently close 
together, the gamma-rays could be produced by the mechanism of the SNOB 
model presented in Chapter 3. 
2C6013+00 
There are 38 entries for this source in Table B.la. The source 
numbered 18 is nonthermal and is identified as a SNR at a distance of 
9.4 kpc (Downes, 1971). All of the other entries may be associated with 
the W33 molecular cloud which extends along the galactic plane from 
G12.8-0.1 to Gl4.6+0.1 (see Figure 5.2). The distance of W33 is estimated 
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Figure 5.2. Radio map of the gamma-ray field 2CG013+00 
A contour plot of the region around the gamma-ray source 
2CG013+00 at a frequency of 4.875 GHz. The contour 
levels are multiples of 0.1 Jy from an equivalent point 
source with a beam width of 216 (Altenhoff et al., 1978). 
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to be 4.6 kpc (Radhakrishnan et al. 1972). However, W33 has been asso­
ciated with the Sgr 0B4 association at a distance of 2.1 kpc by Rowan-
Robinson (1980). 
The Ser OBI association is estimated to lie at a distance of 2.5 kpc 
with a mass of 2 x at a position that partially overlaps the 
error circle of 2CG013+00 (Blitz, 1980). The above distance and mass 
require a cosmic-ray enhancement of f > 10 (Equation 3.1) to account 
for the observed gamma-ray flux. 
2CG075+00 
The analysis of this source is complicated by the lack of any 
informative radio map of this region. Without a map, it is difficult 
to decide which of the entires in Table B.la should be grouped together. 
There are two identified SNR in this field positioned at G74.8+0.6 
and G74.9+1.2 with distances of 12.4 and 8.7 kpc, respectively (Downes, 
1971). The bulk of the entries in Table B.la for this field correspond 
to the molecular cloud identified as W64, CTB90, or BC Cyg which extends 
over at least 1°. The molecular cloud is associated with the Cyg OBI 
association with a mass of 3 x 10^ M» at a distance of 1.7 kpc (Blitz, 
1980). The observed gamma-ray flux requires a cosmic-ray enhancement 
factor of f S 4. 
2CG078+01 
This field has the largest number of entries of any of the sources 
in Table B.la. It is a complicated region and the best map of the area 
(Figure 5.3) is not very informative. There are seven extended sources 
which account for most of the entries in this part of Table B.la. 
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Figure 5.3. Radio map of the gamma-ray field 2CG078+01 
A contour plot of the region around the gamma-ray 
source 2CG078+01 at a frequency of 2.7 GHz. The 
contour levels are multiples of 1.0°K brightness 
temperature with a beam size of ~11' (Wendker, 1970). 
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One of the sources is the well known SNR y-Cygni, G78.2+2.1. The 
remnant appears in two lumps, one centered near G78.1+1.8 and the other 
near 078.3+2.5 at a distance of about 1.8 kpc (Higgs et al., 1977). The 
appearance of the two lumps may be due to the supernova-shock impacting 
a dense slab of interstellar matter (Landecker et al., 1980). This 
remnant may be similar to W28 in that both remnants are expanding into 
3 
an unusually dense (p > 100 H/cm ) interstellar medium. There is a 
second remnant, G78.1+1.0 at a distance of 4.8 kpc (Downes, 1971). 
The other five sources are, or may be, thermal. The first source 
is W65 (CTB91) extending over about 1® near G77.3+1.9. The second 
source is about \° x i° in size near G78.6+1.3. The third source is 
located at G78.1+0.7 and is < 092 in size. The final two sources 
located at G79.4+1.3 and G78.4+2.4 are unresolved. 
There are two identified OB associations within the field of 
4 
2CG078+01. Cyg 0B8 has a mass of 5 % 10 Mq at a distance of 2.0 kpc 
and Cyg 0B9 has a mass of 1 x 10^ Mg at a distance of 1.3 kpc (Blitz, 
1980). There are five identified HII regions (DE04, 06, 07, 09, 15) 
associated with Cyg 0B9 (Rowan-Robinson, 1980). 
This field contains the best candidate for a SNOB (see Chapter 3) 
gamma-ray source. There is more than 10^ Mq of gas in a region that 
contains both a SNR and an OB association. It seems likely that this 
situation can more than account for the observed gamma-ray flux. 
The COS-B catalog contains the notation that 2CG075+00 and 
2CG078+01 may be a single extended feature. If improved gamma-ray data 
confirms that these two sources are part of a single resolved enhance-
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ment, it will tend to confirm the hypothesis that the gamma-ray are pro­
duced in the diffuse gas. 
2C6135+01 
The entries in Table B.la for this gamma-ray source all correspond 
to the W3 + W4 molecular cloud complex (except for 4C63.5). W3 and W4 
are giant HII regions associated with a huge molecular cloud that also 
contains W5. The giant molecular cloud extends for about 5° along the 
galactic plane between latitudes of 0° to +2° (Thronson and Price, 
1982) with the gamma-ray source positioned near the center of the cloud 
complex (see Figure 5.4). 
W3 has been associated with the Cas 0B6 association by Blitz (1980) 
with a mass of 1.0 x 10^ Mg at a distance of 2.0 kpc. The entire W3 + 
W4 + W5 complex may well contain several times this much mass. Assuming 
a modest cosmic-ray enhancement of f = 4, the observed gamma-ray flux 
requires only 5 x 10^ Mq of gas. 
2CG284-00 
The listings for 2CG284-00 in Table B.la and Figure 5.5 suggest 
that there are five radio sources in this field. There are three 
relatively weak sources: two thermal sources located at G285.3-0.0 
and G284.5+0.4, and a SNR positioned at G284.2-1.8 with a distance of 
4.9 kpc (Downes, 1971). The other two sources are RCW48 and 49 located 
near G283.1-1.0 and G284.3-0.4, respectively [within the area of RCW48 
at G283.3-1.0 there is a SNR with a distance of 8.6 kpc (Downes, 1971)]. 
RCW48 and 49 are probably HII regions. However, I am aware of no 
reference giving masses and/or distances (at -57® the declination is 
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Figure 5.4. Radio map of the gamma-ray field 2CG135+01 
A contour plot of the region around the gamma-ray 
source 2CG135+01 of a frequency of 610 MHz. The 
contour levels are multiples of 0.1°K brightness 
temperature with a beam size of 16' x 20' (Webb 
and Dickel, 1971). 
Figure 5.5. Radio map of the gamma-ray fields 2CG28A-00 and 
2CG288-00 
A contour plot of the region containing the gamma-ray 
sources 2CG284-00 and 2CG288-00 at a frequency of 
2.7 GHz. The contour levels are multiples of 1.0°K 
with a beam size of 8'.2 (Day et al., 1972). 
Galactic latitude 
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too low). It is possible that these two sources are part of a larger 
molecular cloud complex which extends over about 8® (see the discussion 
of 2CG288-00). 
2CG288-00 
There are five radio sources represented in Table B.la near the 
position of 2CG288-00. There are three SNR at positions of G289.1-0.4, 
G289.9-0.8, and G290.1-0.8 with distances of 11.6, 11.0 and 4.4 kpc, 
respectively (Downes, 1971). There is also an HII region at G289.8-1.2. 
By far the strongest and most interesting source is RCW53 which is 
associated with the Carina molecular cloud complex. The molecular cloud 
extends over about a degree around G287.6-0.7. This field contains the 
famous star Eta Carina and two OB associations. Car OBI and Car 0B2, at 
a mean distance of 2.3 kpc (Cowie et al., 1981). 
As with 2CG284-00, the lack of CO observations makes the deter­
mination of mass and distance for the Carina molecular cloud difficult. 
Montmerle (1981) uses a mass of 1-2.5 x 10^ Mg for the cloud and 
argues that the gamma-ray source 2CG288-00 is an Orion type molecular 
cloud. 
The comment is made in Table 1.1 that 2CG284-00 and 2CG288-00 may 
be a single extended feature. Figure 5.5 does suggest a single ridge 
of emission extending from Si = 282° to 290° parallel to the galactic 
plane. CO observations will be necessary to determine if there is an 
actual ridge of molecular material. It would not be surprising if 
improved gamma-ray data demonstrated that these two sources are part 
of a resolved enhancement. 
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2CG311-01 
This field is difficult to analyze since the sources tend to lie 
close together and/or overlap (see Figure 5.6). The source KES20 in 
Table B.la is made up of two SNR, one at G310.6-0.3 with a distance of 
9.8 kpc and the other at G310.8-0.4 with a distance of 7.8 kpc (Downes, 
1971). The thermal source RCW83 is located at G311.7-0.4. While the 
field is confused, it appears that most of the emission is thermal. 
However, the lack of southern hemisphere observations makes it impossible 
to give mass or distance estimates. 
2CG333+01 
For this field, I do not have a complete map. Figure 5.7 covers 
only a portion of the error circle but most of the sources in Table B.la 
are shown. There is a SNR positioned at G332.4+0.1 with a distance of 
5.2 kpc (Downes, 1971). The rest of the entries appear to be part of 
a ridge of emission that extends over about 4° and contains the thermal 
source RCW106. Again, masses and distances are not known. 
2C6356+00 
The two strongest sources in this field are SNR (see Figure 5.8). 
The first SNR is positioned at G357.7-0.1 with a distance of 8.6 kpc 
and the second RCW132 or W23, at G355.2+0.1 with a distance of 8.4 kpc 
(Downes, 1971). There is a thermal source located at 6356.2+0.7 for 
3 
which the mass of ionized hydrogen has been estimated to be 10 Mq 
(Caswell and Hayes, 1982). Again, I am aware of no CO observations of 
this field so it is not possible to say anything about the mass of the 
diffuse gas in this field. 
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Figure 5.6. Radio map of the gamma-ray field 2CG311-01 
A contour plot of the region around the gamma-ray source 
2CG311-01 at a frequency of 2.7 GHz. The contour levels 
are multiples of 1.0®K brightness temperature with a 
beam size of 812 (Thomas and Day, 1969). 
Figure 5.7. Radio map of the gamma-ray field 2CG333+01 
A contour plot of a part of the region around the 
gamma-ray source 2CG333+01 at a frequency of 408 MHz. 
The contour levels are multiples of 100°K brightness 
temperature with a beam size of 218 (Shaver and Goss, 
1970). 
DECLINATION (1950) 
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Figure 5.8. Radio map of the gamma-ray field 2CG356+00 
A contour plot of the region around the gamma-ray source 
2CG356+00 at a frequency of 2.7 GHz. The contour levels 
are multiples 1.0°K brightness temperature with a beam 
size of 812 (Beard et al., 1969). 
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2CG359-00 
This gamma-ray field contains the strong radio source which had 
been used to define the position of the galactic center. The strength 
of the radio emission around GO.0-0.0 is obvious in Figure 5.9. This 
is a very complex region and I will not attempt to review even the 
radio observations of the galactic center. For reviews of existing data 
on the galacti center see Oort (1977) and Riegler and Blandford (1982). 
It does seem clear that the gamma-ray source should be associated 
with the galactic center. The mass of molecular gas near the galactic 
center is ~ 5 % 10^ Mq of which about 5 x 10^ Mq is contained in the 
inner 60 pc (Scoville, 1980). A mass of 5 x 10^ Mq at a distance of 
9 kpc in Equation 3.1 with no cosmic-ray enhancement predicts a gamma-
-6 2 
ray flux of ~ 2.5 % 10 photon/cm which is larger than that given for 
2CG359-00 in Table 1.1. 
Furthermore, it is likely that the cosmic-ray intensity is 
enhanced at the galactic center. There is high velocity gas which 
suggests violent activity that may accelerate cosmic-rays. The density 
of e^ (which probably come from cosmic-ray interactions) is large enough 
to make the positron annihilation line observable. If there is a 
significant cosmic-ray enhancement, the gamma-ray flux could be produced 
by a fraction of the diffuse hydrogen. 
It is also possible that the gamma-rays are from a compact object 
(black hole, massive neutron star) at the galactic center. This has 
been considered by Eilek and Kafatos (1983) among others. 
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Figure 5.9. Radio map of the gamma-ray field 2CG359-00 
A ruled surface drawing of the region around the gamma-
ray source 2CG359-00 at a frequency of 408 MHz from 
Green (1974). This display emphasizes the strength of 
the source at the galactic center. 
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The full fields as a group 
The eleven full fields are all dominated by extended galactic 
radio sources. In each field, there is evidence for extended thermal 
emission. This is strikingly different from the empty fields which 
will be discussed next. 
There are published estimates of the mass of diffuse gas for six 
of the fields and I have presented a speculation for an additional field 
(2CG006-00). There is so much gas at the galactic center that the 
gamma-ray flux could be produced with no cosmic-ray enhancement. The 
other six fields (2CG006-00, 013-00, 075+00, 078+01, 135+01, 288-00) 
require cosmic-ray enhancement factors of 4 to > 10. In each of the 
six fields, there is an 0-B association at a position and distance 
that may account for the cosmic-ray enhancement. 
For the other four fields (2CG284-00, 311-00, 333+01, 356+00), 
there are no observations that determine how much gas is in the field 
or whether there is an 0-B association present. The hypothesis that the 
eleven full fields represent a single type of gamma-ray source suggests 
an obvious prediction. These four fields may each contain ~10^ of 
diffuse gas coincident with or near an 0-B association. Southern hemi­
sphere observations will be needed to test this hypothesis. 
The Empty Fields 
The one thing the eleven empty fields have in common is that they 
do not fit into the full field group. This is not a homogeneous grouping. 
The presentation of these eleven sources will begin with the field 
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containing the quasar 3C273. The Geminga source will be discussed second 
and the other nine fields presented in order of increasing galactic 
longitude. 
2CG289+64 - 3C273 
This gamma-ray source has been included among the empty gamma-ray 
fields because there are no galactic sources in this part of Table B.la. 
This field is dominated by the strong radio source 3C273 which is a well 
known quasar. 
The gamma-ray source has been identified with 3C273 on the basis 
of the positional coincidence by Bignami et al. (1981). They argue that 
the probability of a chance coincidence is < 1%. The possible origin of 
the gamma-ray emission is discussed by Protheroe and Kazanas (1983) 
among others. 
2CG195+04 - Geminga 
This source has been named "Geminga" which roughly translates to 
"it's not there." This is also the extreme example of an empty gamma-
ray field. There is only one radio source in this field in the listing 
of Table B.la, and that source is probably extra-galactic and unlikely 
to be the radio counterpart of the gamma-ray source (Sieber and 
Sclickeiser, 1982). 
Geminga is the second strongest COS-B source with a small error 
circle in a region where the galactic background is low. These factors 
have led to this being perhaps the most studied of the unidentified 
COS-B fields. The field has been observed at several radio wavelengths 
by Sieber and Schlickeiser (1982). Their observations produced the 
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sensitive radio map which is reproduced as Figure 5.10 and a suggested 
radio counterpart of the gamma-ray source. On the basis of X-ray data, 
Bignami et al. (1983) have suggested that the physical counterpart of 
Geminga may be an "older" pulsar. 
2CG010-31 
This region is typical of the empty fields. I am not familiar with 
any informative map of this region. All of the sources represented in 
this part of Table. B.la are unresolved and appear to have nonthermal 
spectra and hence, may be extragalactic. There is certainly no obvious 
candidate for the radio counterpart of the gamma-ray source. 
2C6036+01 
For this field, there is an informative map which is reproduced 
as Figure 5.11. There are three extended (hence probably galactic) 
sources at G35.3+0.9, G36.3+0.8, and G37.4+0.7. All three sources 
are probably thermal, and the source at G37.4+07 appears in the list 
of compact HII regions of Wink et al. (1982). The strongest source in 
the field (4.01 in Table B.la) is not seen in Figure 5.11 and not con­
firmed by other surveys. While there are thermal sources in this field. 
Figure 5.11 does not suggest a massive molecular cloud complex (compare 
with Figure 5.4). 
2CG054+Q1 
There are two radio sources within the error circle of 2CG054+01 
as shown in Figure 5.12. The source seen at G54.5+1.1 is not found in 
other surveys. There is a group of sources (or one complex source) 
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Figure 5.10. Radio map of the gamma-ray field 2CG195+04 
A contour plot of the region around the gamma-ray 
source 2CG195+04 (Geminga) at a frequency of 
4.75 GHz. The contour interval is 5 mJy with a 
beam size of 214 (Sieber and Schlickeiser, 1982). 
Figure 5.11. Radio map of the gamma-ray field 2CG036+01 
A contour plot of the region around the gamma-ray 
source 2CG036+01 at a frequency of 3.3 GHz. The 
contour levels are multiples of 0.01®K with a beam 
size of 9' (Hughes and Routledge, 1969). 
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Figure 5.12. Radio map of the gamma-ray field 2CG054+01 
A contour plot of the region around the gamma-ray 
source 2CG054+01 at a frequency of 2.7 GHz. The 
contour levels are multiples of 1.0®K brightness 
temperature with a beam size of 812 (Day et al., 
1972). 
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around G55.3+2.3. These sources may be thermal but the situation is 
not clear. 
There is extended complex emission around G54+0 visible in Figure 
5.12. This emission is represented by entry 5.14 in Table B.la. This 
complex is probably not related to the gamma-ray source unless there is 
a large error in the COS-B position. 
2CG065+00 
This is an interesting field for which I have no good map. There 
is an unusual SNR identified as DA495 which appears in Table B.la as 
entries 6.01-6.09. The remnant has some of the characteristics of a 
crab-like plerion at a distance of 2-4 kpc (Landecker and Caswell, 
1983). While the remnant may not be related to the gamma-ray source, 
it is an obvious gamma-ray candidate. 
The best candidate for the radio counterpart of 2CG065+00 does not 
appear in Table B.la but rather in Table B.2. The second millisecond 
pulsar was discovered by Boriakoff et al. (1983) in a search of gamma-
ray fields. The pulsar is in a binary system so only an upper limit on 
38 dP/dt has been published. If the energy loss rate is ~ 10 erg/sec, 
then the conversion efficiency of the Vela pulsar 0.6%, Bignami and 
Hermsen, 1983) applied to PSR1953+29 would produce the observed gamma-
ray flux (Boriakoff et al., 1983). The pulsar certainly warrants 
further study. In particular, the gamma-ray data can be tested for a 
pulsed signal at the pulsar's period. 
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2CG095+04 
There are six moderate strength (> 1 Jy) sources in this field. 
The flux values listed in Table B.la imply that all the sources are 
nonthermal. The source DA548 is listed in that survey as being extended 
with a spectral index of a = -0.2 which suggests a galactic source. How­
ever, this source does not appear in the catalogs of SNE or HII regions 
with which I am familiar. Again, this field contains no good radio 
candidate for the gamma-ray source. 
2CG121+04 
This is another typical empty field. There is no good radio map 
of the field. The two moderate strength sources are not extended, have 
moderately steep spectra, and are probably extragalactic. There is, 
again, no likely radio counterpart of the gamma-ray source. 
2CG218-00 
Again, a typically empty field. The map in Figure 5.13 shows 
only one weak source and Table B.la contains only two moderate strength 
sources for this field. Neither source is extended and both have steep 
spectra which suggest extragalactic sources. Again, there does not 
appear to be any obvious radio counterpart of the gamma-ray source. 
2CG235-01 
This field is not really empty. There are several sources shown 
in Figure 5.14. There is extended complex emission centered near 
G234.3-0.4 which encompasses the sources RCW8, 10, 13 and is clearly 
thermal. The source RCW12 is identified as thermal in the BGE survey 
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Figure 5.13. Radio map of the gamma-ray field 2CG218-00 
A contour plot of the region around the gamma-ray 
source 2CG218-00 at a frequency of 2.7 GHz. The 
contour levels are multiples of 1.0®K brightness 
temperature with a beam size of 8:2 (Day et al 
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Figure 5.14. Radio map of the field of 2CG235-01 
A contour polot of the region around the gamma-ray 
source 2CG235-01 at a frequency of 2.7 GHz. The 
contour levels are multiples of 1.0®K brightness 
temperature with a beam size of 812 (Day et al., 
1972). 
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however, the flux densities listed in Table B.la do not support this 
conclusion (the flux density at 408 MHz is approximately ten times that 
at 2700 MHz). 
The field is at a low declination (-20°) so there are no estimates 
of mass or distance for the thermal complex. There is little reason to 
think that there is enough mass to produce the gamma-ray emission. 
Nevertheless, the complex is worth investigating as the gamma-ray 
counterpart. 
2CG342-02 
This is another field for which I have no informative map. There 
is a moderately strong thermal source at G343.0-2.4. Due to the lack of 
southern hemisphere observations, it is not possible to say anything 
quantitative about this source. This thermal source is worth further 
investigation as the radio counterpart of the gamma-ray source. 
Two of the sources in this grouping have clear candidates for the 
radio counterparts of the gamma-ray sources: 3C273 in the field of 
2CG289+64 and the millisecond pulsar in the field of 2CG065+00. While 
the discovery of the pulsar may have been serendipitous, it does sug­
gest that the gamma-ray fields should be searched for pulsars. 
There are four of these fields that show evidence of galactic 
sources. The fields 2CG036+01, 235-01, and 342-02 contain extended 
thermal sources which are almost certain to be galactic. For the fourth 
field, 2CG054+01, while the situation is unclear, there is emission 
from galactic sources not far removed from the gamma-ray position. 
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The radio sources in these fields may be unrelated to the gamma-ray 
emission but they do warrant further investigation as possible gamma-
ray counterparts. 
The five remaining fields (2CG195+01, 010-31, 095+04, 121+04, and 
218-00) appear to be empty of moderate strength galactic sources. From 
the published source counts of Kellerman (1972), there should be ~ 2 
sources with 408 MHz flux density > IJy in the 1° error circle fields 
and 4 in the 195 fields. The MSL entries for these five fields are 
consistent with only background sources being observed. 
Future Research 
I believe that the two sets of gamma-ray fields should be studied 
with different types of radio observations. The full fields should be 
studied by line observations and the empty fields observed in the 
continuum. 
The full fields should be observed by mapping a region several 
degrees in size in one, or preferably several, molecular lines. These 
observations can determine if there is enough mass to account for the 
gamma-ray emission. It is particularly important to use CO observa­
tions to get mass estimates for the four low declination fields. 
Molecular line observations might also uncover evidence of violent 
activity which could produce the necessary cosmic-ray enhancements 
(see DeNoyer, 1983). For a given molecule, extremely broad lines and/ 
or emission at large velocities can indicate violent activity. Clearer 
evidence can be obtained by observing several lines. Material that 
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has been processed through a shock should exhibit elemental abundances 
that differ from the unshocked interstellar medium. In particular, 
the ratio of OH/CO may be 100 times larger in shocked gas (DeNoyer, 
1979). 
The gamma-ray sources in the empty fields are probably not extended 
on the scale of ~ 1°. The radio counterparts of these sources may be 
point-like (pulsars, neutron stars) or only slightly extended (accre­
tion disks, jets). Nine of the eleven empty fields are observable 
at the VLA and sensitive continuum observations might detect the radio 
counterparts of the gamma-ray sources. Even the nondetection of radio 
counterparts would have profound implications for allowable gamma-ray 
source models. 
In this thesis, I have argued that it is at least plausible that 
there will be detectable radio counterparts of the COS-B sources. An 
analysis of radio data has lead me to offer the hypothesis that eleven 
of the twenty-two unidentified sources may correspond to giant molecular 
clouds. For the eleven empty fields, the case is less clear with five 
of the fields showing no obvious candidates for the radio counterparts 
of the gamma-ray source. I have suggested that additional radio observa­
tions may be helpful in understanding the gamma-ray sources. 
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APPENDIX A: COSMIC RAY DISTRIBUTION 
It is appropriate to discuss cosmic-rays in some detail. Both the 
observational data and the interpretation of that data are taken from 
Ginzburg and Syrovatskii (1964) and Longair (1981). 
Nuclear Component 
Data on the nuclear component of cosmic-rays exist only for the solar 
system. The data are obtained by spacecraft and high altitude balloons. 
At very high energies, data are obtained by analyzing cosmic-ray induced 
air showers. Since cosmic-rays will follow curved trajectories in mag­
netic fields, it is necessary to correct the data for solar system effects. 
The number density of cosmic-ray protons is N^ = 1.0 x lo ^^cm ^. 
Helium nuclei (alpha particles) make up most of the rest of the nuclear 
component with = .10 N^. The rest of the nuclei with Z > 2 (metals) 
are found to have a density of N^ = .014 N^. The total number density of 
nucléons is N = 2.0 x 10 ^^cm 
The energy distribution above an energy of approximately 1 GeV is 
well represented by a simple power law of the form 1(E) = KE^ (p = 2.6 
± .1). Figure A.l, taken from Longair (1981, p. Ill), displays 1(E) for 
protons and a-particles (Helium nuclei). The value of p may vary 
systematically with species and energy range. Fortunately, these varia­
tions are not large and can be disregarded. 
It is not clear if there is a variation in cosmic-ray density with 
galactic radius. The high degree of isotropy and the long proton life­
time (10^ years, Longair, 1981, p. 332) suggest that the density is nearly 
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Figure A.l. The differential energy spectra of protons and helium nuclei 
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constant throughout the galaxy. The total number density of nuclear 
cosmic-rays may vary with galactic radius, but not by any large factor. 
In conclusion, the number density and energy distribution of the 
nuclear component of cosmic-rays is fairly well understood. 
Electron Component 
For cosmic-ray electrons (and positrons), there is an additional 
source of data. The diffuse radio background of the galaxy is due to 
synchrotron emission of cosmic-ray electrons in the galactic magnetic 
field. 
The spectral index of the radio emission and the electron distribu­
tion are related by (see Chapter 2) 
I (v) a V ^ implies Ig(E) a E p = 2x + 1. 
The intensity of the radio emission depends on both the number density 
of radiating electrons and the magnetic field strength. Therefore, the 
radio data yield information on the density of cosmic-ray electrons only 
indirectly. 
At energies > 4 GeV the radio data and solar system data yield a 
consistent result. The electrons obey a power law distribution Ig(E) 
= K E ^ where p = 2.7 which is similar to the spectral index of the 
nuclear component. The number density of the electrons is usually taken 
to be 1% of that for protons (within a factor of 2-4). 
The picture at lower energies is not at all clear. The radio emis­
sion becomes largely absorbed by interstellar matter. The solar system 
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data is affected by solar modulation and may be corrupted by cosmic-ray 
electrons of local origin (Jupiter [Teegarden et al., 1974]). 
In the energy range 300 MeV to 3 GeV, the spectrum is fit reasonably 
well with a power law of index p = 1.7 - 1.8. The intensity is not well 
known and is probably uncertain by a factor of 10. 
At energies of around 100 MeV, the shape of the spectrum is not even 
well determined. Figure 2.3 displays several possible electron spectra. 
Curves 1 through 4 are based on the work of Cummings et al. (1973). The 
standard spectrum (ST) is a power law of index 1.8 which is obtained by 
extrapolation from higher energies. CSU, LB, and UB are obtained by 
analysis of radio data and are a best fit, lower, and upper bounds, 
respectively. DS is the corrected solar system data from Daniel and 
Stephens (1975). 
The distribution of cosmic-ray electrons in the galaxy is certainly 
not constant. Electrons are more abundant in regions of the galaxy with 
enhanced matter density. This is largely due to secondary production of 
electrons in the interactions of cosmic-ray nucléons with the interstel­
lar matter. 
In conclusion, it is clear that the distribution of cosmic-ray 
electrons is not well-known. It is nearly possible to take the cosmic-
ray electron distribution as a free parameter. 
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APPENDIX B: THE RADIO DATA 
This appendix contains the radio data discussed in Chapter 5. The 
information is presented in two tables. 
Table B.l has been generated from the Master Source List, MSL, as 
compiled by R. S. Dixon of Ohio State University. The table is divided 
into two parts with part a containing the actual MSL entries and part b 
summarizing the surveys that appear in part a. The MSI was used since 
it is the nearest thing to a complete collection of all the information 
gathered in radio surveys. 
Table B.l part a was generated from version RA43 of the MSL dated 
November 1981. All of the MSL entries with positions near the gamma-
ray source position have been reproduced. Near has been defined as 
1.5 times the published 90% confidence radius. 
For each of the 22 unidentified COS-B sources, the source designa­
tion, the source position, and the radius of the 90% confidence error 
circle are listed as published by Swanenburg et al. (1981). Each entry 
consists of a number, position, flux density, and reference. The number 
consists of one or two integers (1-25) which specify the source in the 
COS-B catalog followed by a decimal point and a sequence number. The 
entries are sorted and numbered into the order of increasing RA. The 
position for each entry is given as RA and dec as well as SL and b 
(galactic coordinates). The listings for RA and dec are as they 
appeared in the original surveys and all digits are significant. The 
galactic coordinates are all listed to one decimal point. The reported 
flux density, in Jy, is given at each observing frequency with only 
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significant decimal points and trailing zeros listed. The reference 
entry consists of a code to identify the survey combined with a number 
to distinguish the entry within the survey. 
Information on the surveys is presented in Table B.l part b. The 
formal literature reference is given for each survey that appears in 
part a. For each observing frequency, the FWHM beam size (in arc 
minutes) and the detection limit ara given. The comment "Maps" indicates 
that some or all of the data in that survey has been presented as plots. 
Table B.2 is a list of pulsars near gamma-ray sources. All of the 
data is as published by Manchester and Taylor (1981) except for the 
pulsar PSR1953+19 where the data is from the discovery paper of Boriakoff 
et al. (1983). For each pulsar, the position in RA and dec as well as £ 
and b, the derived distance in kpc, the period in seconds, the rate of 
period increase (x 10 ^ ^), and the log of energy released in the spin-
down is given. 
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TABLE B.la 
RADIO OBSERVATIONS NEAR GAMMA-RAY SOURCES 
RA DEC 1 b FLUX FREQ REF 
RADIO SOURCES NEAR 2CG006-00 1=6.7 b=-0.5 RA=18 00 DEC=-23.4 
THE 90% CONFIDENCE ERROR CIRCLE HAS RADIUS R=1.0 DEGREES 
******************************************************************* 
1. 01 17 54 26. 1 -22 38 52 .6.8 0.9 1. 58 408 CC 006+00.9 
1. 02 17 54 30 -24 17 5.4 0.1 7. 8 2700 GD 005.3+00.1 
1. 03 17 54 31 -24 14 5.4 0.1 5 2695 ADG005.4+00.1 
1. 04 17 55 42 -23 24 6.3 0.3 157 30 JF 006.3+0.3 
1. 05 17 55 56. 7 -23 32 34 6.2 0.2 460 408 SG 006.2+00.2 
1. 06 17 55 58. 7 -23 47 52 6.0 0.0 460 408 SG 006.0+00.0 
1. 07 17 55 59 -24 20 5.5 -0.2 4 2695 ADG005.5-00.2 
1. 08 17 56 0 -24 20 5.5 -0.2 2. 20 2700 GD 005.5-00.2 
1. 09 17 56 41 -22 11 7.4 0.7 3 2695 ADG007.4+00.7 
1. 10 17 56 44 -22 13 7.4 0.7 2. 60 2700 GD 007.4+00.7 
1. 11 17 56 46 -23 45 6.1 -0.1 18 
15 
2695 
5000 
ADG006.1-00.1 
1. 12 17 56 55 -23 44 6.1 -0.1 6. 90 2700 GD 006.1-00.1 
1. 13 17 56 59. 0 -23 18 26 6.5 0.1 460 408 SG 006.5+00.1 
1. 14 17 57 6 -23 14 6.6 0.1 31 2695 ADG006.6+00.1 
15 17 57 24 -23 26 6.4 -0.1 900 85 MSH 17-216 
1. 16 17 57 30 -23 25 6.5 -0.1 300 1000 DKM006.5-00.1 
1. 17 17 57 30 -23 30 6.4 -0.1 370 610 MM 11 
1. 18 17 57 34 -24 4 5.9 -0.4 23 
21 
2695 
5000 
ADG005.9-00.4 
1. 19 17 57 35 -23 27 0 6.4 -0.1 460 408 AJG 073 
1. 20 17 57 38 -24 5 5.9 -0.4 29 2700 GD 005.9-00.4 
1. 21 17 57 38. 0 -24 4 52 5.9 -0.4 11. 70 408 SG 005.9-00.4 
1. 22 17 57 40. 6 -23 38 47 6.3 -0.2 460 408 SG 006.3-00.2 
1. 23 17 58 -23 6.9 0.0 157 30 FJ 1758-23 
1. 24 17 58 -23 24 6.5 -0.2 475 400 DGVW099 
1. 25 17 58 -23 30 6.4 -0.2 200 960 CTB 45 
1. 26 17 58 12 -23 22 6.6 -0.2 360 1390 W28 
1. 27 17 58 13 -22 36 7.2 0.2 4 2695 ADG007.2+00.2 
1. 28 17 58 18 -23 24 6.6 -0.2 450 408 LMH 12 
1. 29 17 58 24 -23 20 6.6 —0.2 251 2700 AMWW 36 
1. 30 17 58 28 -23 22 6.6 -0.2 54 
38 
2695 
5000 
ADG006.6-00.3 
1. 31 17 58 30 -23 20 6.6 -0.2 193 2700 GD 006.6-00.2 
1. 32 17 58 30 -24 50 0 5.3 -1.0 38 408 AJG 072 
1. 33 17 58 32 -22 52 7.0 -0.0 2700 GD 007.0-00.0 
1. 34 17 58 34. 4 -23 25 52 6.6 -0.3 460 408 SG 006.6-00.3 
1. 35 17 58 35 -23 19 6.7 -0.2 57 408 KES59 
1. 36 17 58 37 -24 52 5.3 -1.0 34 2700 GD 005.3-01.0 
1. 37 17 58 40. 4 -23 19 3 6.7 -0.3 460 408 SG 006.7-00.3 
1. 38 17 58 44 -24 54 5.3 -1.1 38 1000 DKM005.3-01.1 
1. 39 17 58 49. 3 -23 39 22 6.4 -0.5 460 408 SG 006.4-00.5 
1. 40 17 59 -23 20 6.7 -0.3 270 559 RICH 11 
1. 41 17 59 19 -23 2 7.0 -0.2 15 
15 
2695 
5000 
ADG007.0-00.2 
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TABLE B.la continued 
RA DEC 1 b FLUX FREQ REF 
1 .42 17 59 19 -23 2 29 7. 0 -0. 2 6. 4 408 SG 007.0-00. 3 
1 .43 17 59 21 -23 2 7. 0 -0. 3 13 2700 GD 007.0-00. 3 
1 .44 17 59 40. 0 -23 30 50 6. 6 -0. 5 460 408 SG 006.6-00. 6 
1 .45 18 0 -24 30 5. 8 -1. 1 200 559 RICH 12 
1 .46 18 0 10 -22 17 7. 7 -0. 0 2 2695 ADG007.7-00. 1 
1 .47 18 G 34 -24 22 . 6. G -1. 2 99. 1 5G07 MH 006.0-01. 2 
1 .48 18 0 37. 9 -24 22 50 6. 0 -1. 2 185 408 SG 006.0-01. 2 
1 .49 18 0 38 -24 22 6. 0 -1. 2 75 408 KES58 
1 .50 18 0 38 -24 23 6. 0 -1. 2 44. 5 5000 GM 37 
1 .60 18 0 38 -24 23 6. 0 -1. 2 192 5000 GS 006.0-01. 2 
1 .52 18 0 38 -24 24 6. 0 -1. 2 227 2700 GD 006.0-01. 2 
1 .53 18 0 41 -24 23 8 6. 0 -1. 2 96 
90 
2695 
5000 
ADG006.0-01. 2 
1 .54 18 0 42 -24 21 6. 0 -1. 2 150 960 CTB 46 
1 .55 18 0 42 -24 28 5. 9 -1. 2 232 1420 MUL04 . 
1 .56 18 0 52 -23 24 6. 9 -0. 7 1 2695 ADG006.8-00. 7 
1 .57 18 0 54 -24 22 6. 0 -1. 2 117 2700 AMWW 37 
1 .58 18 0 54 -24 23 6. 0 -1. 2 160 3130 KLNS 26 
1 .59 18 1 0 -24 22 6. 0 -1. 2 260 1390 W29 
1 .60 18 1 0 -24 24 6. 0 -1. 3 200 408 LMH 11 
1 .61 18 1 15 -24 24 6. 0 -1. 3 170 610 MM 10 
1 .62 18 1 30 -23 30 6. 8 -0. 9 2700 GD 006.8-00. 9 
1 .63 18 2 21 -22 31 7. 8 -0. 6 0. 9 2700 GD 007.8-00. 6 
******************************************************************* 
RADIO SOURCES NEAR 2CG010-31 1=10.5 b=-31.5 RA=20 16 DEC=-32.0 
THE 90% CONFIDENCE ERROR CIRCLE HAS RADIUS R=1.5 DEGREES 
******************************************************************* 
2. 01 20 8 29 -32 24 9.6-30 .1 .21 1415 OW-314 
2. 02 20 12 3 -33 53 8.2-31 .2 .19 1415 OW-319 
2. 03 20 13 8. 7 -30 50 39 11.7-30 .7 .5 
.28 
2700 
5000 
PKS2013-308 
2. 04 20 13 15 -30 44 11.8-30 .7 1.8 1415 OW-322 
2. 05 20 13 16 -32 47 9.5-31 .2 .23 1415 OW-321 
2. 06 20 13 19 -33 41 8.5-31 .4 .27 1415 OW-323 
2. 07 20 13 22. 9 -30 45. 11.8-30 .7 .46 
.34 
2700 
5000 
PKS2013-307 
2. 08 20 13 54 -31 44 10.7-31 .1 10 85 MSH 20-303 
2. 09 20 14 -31 0 11.6-30 .9 15 85 MSH 20-304 
2. 10 20 14 3. 4 -31 12 27 11.4-31 .0 .45 
.23 
2700 
5000 
PKS2014-312 
2. 11 20 14 7 -31 25 11.1-31 .0 .66 1415 OW-324 
2. 12 20 14 27 -32 5 10.4-31 .3 .33 1415 OW-325 
2. 13 20 14 29. 2 -31 49 13 10.7-31 .2 .28 2700 PKS2014-318 
2. 14 20 15 32 -30 27 12.3-31 .1 .29 1415 OW-326 
2. 15 20 18 15. 8 -31 46 37 11.0-32 .0 .21 2700 PKS2018-317 
2. 16 20 20 41 -30 7 13.0-32 .1 .26 1415 OW-334 
2. 17 20 21 2 -32 4 10.8-32 .6 .29 1415 OW-335 
2. 18 20 21 29 -33 0 9.8-32 .9 1.15 1415 OW-336 
2. 19 20 23 10. 3 "33 3 30 9.8-33 .3 .15 2700 PKS2023-330 
TABLE B.la continued 
RA DEC 1 b FLUX FREQ REF 
2 .20 20 23 52 -31 40 11. 4-33. 1 .26 1415 OW-339 
2 .21 20 23 55. 8 -31 44 12 11. 4-33. 1 .21 2700 PKS2023-317 
2 .22 20 24 24 -32 1 11. 1-33. 3 18 85 MSH 20-305 
2 .23 20 24 51 -32 2 11. 1-33. 4 .28 1415 OW-341 
2 .24 20 25 54 -31 38 11. 6-33. 5 .19 1415 OW-343 
2 .25 20 26 0. 6 -31 37 31 11. 6-33. 5 .17 2700 PKS2023-316 
******************************************************************* 
RADIO SOURCES NEAR 2CG013+00 1=13.7 b=0.6 RA=18 10 DEC=-16.8 
THE 90% CONFIDENCE ERROR CIRCLE HAS RADIUS R=1.0 DEGREES 
******************************************************************* 
3. 01 18 8 26 -18 2 12.4 0.4 3.7 2700 GD 012.4+00. 4 
3. 02 18 9 15 -17 45 12.8 0.4 2 
3 
1414 
2695 
ADG012.7+00. 3 
3. 03 18 10 15 -15 42 14.7 1.2 1 1414 ADG014.6+01. 1 
3. 04 18 10 24 -18 0 12.7 -0.1 190 1390 W33 
3. 05 18 10 48 -17 42 13.0 0.1 408 LMH 18 
3. 06 18 10 59 -17 59 12.8 -0.2 52 5000 GS 012.7-00. 2 
3. 07 18 11 -17 50 12.9 -0.1 33 2700 AMWW 40 
3. 08 18 11 -18 6 12.7 -0.3 100 610 MM 18 
3. 09 18 11 0. 2 -17 58 48 12.8 -0.2 33 408 SG 012.7-00. 2 
3. 10 18 11 8 -17 29 13.2 0.1 11 2700 GD 013.2+00. 1 
3. 11 18 11 10 -17 29 13.2 0.1 7 
7 
6 
1414 
2695 
5000 
ADG013.2+00. 0 
3. 12 18 11 12 -17 18 13.4 0.2 <40 408 LMH 19 
3. 13 18 11 13 -17 57 12.8 -0.2 50 2700 GD 12.8-00.2 
3. 14 18 11 14 -17 57 12.8 -0.2 63 408 KES64 
3. 15 18 11 15 -17 16 13.4 0.2 13 2700 GD 013.4+00. 1 
3. 16 18 11 15 -17 57 12.8 -0.2 38 
41 
39 
1414 
2695 
5000 
ADG012.8-00. 2 
3. 17 18 11 17 -17 56 12.9 -0.2 52 5000 GS 012.8-00. 2 
3. 18 18 11 21 -17 16 13.5 0.2 11 
9 
6 
1414 
2695 
5000 
ADG013.4+00. 1 
3. 19 18 11 23. 9 -17 56 51 12.9 -0.3 33 408 SG 012.8-00. 2 
3. 20 18 11 36 -17 12 13.5 0.1 160 85 MSH 18-103 
3. 21 18 11 38 -16 47 13.9 0.3 3.6 2700 GD 013.9+00. 3 
3. 22 18 11 50 -16 47 13.9 0.3 4 
4 
1414 
2695 
ADG013.9+00. 2 
3. 23 18 12 -17 15 13.5 -0-1 111 559 RICH 15 
3. 24 18 12 28 -17 2 13.8 -0.1 17 2700 GD 013.7-00. ,0 
3. 25 18 12 30 -17 1 13.8 -0.1 15 
14 
1414 
2695 
ADG013.7-00. ,0 
3. 26 18 12 36 -16 48 14.0 0.1 408 LMH 20 
3. 27 18 13 30 -16 33 14.3 0.1 >50 610 MM 19 
3. ,28 18 13 54 -16 36 14.3 -0.1 170 3130 KLNS 30 
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TABLE B.la continued 
RA DEC 1 b FLUX FREQ REF 
3 .29 18 13 55 -16 44 14. 2 -0. 2 26 
28 
26 
1414 
2695 
5000 
ADG014.2-00. 2 
3 .30 18 13 57 -16 14 14. 7 0. 1 35 
32 
30 
1414 
2695 
5000 
ADG014.6+00. 1 
3 .31 18 14 2 -16 15 14. 7 0. 1 40 2700 GD 014.6+00. 0 
3 .32 18 14 8 -16 44 14. 2 -0. 3 46 2700 GD 014.2-00. 2 
3 .33 18 14 12 -16 13 14. 7 0. 1 38 408 KES65 
3 .34 18 15 12 -16 12 14. 8 -0. 2 235 400 DGVWIOI 
3 .35 18 15 24 -17 19 13. 9 -0. 8 13 
14 
11 
1414 
2695 
5000 
ADG013.8-00. 8 
3 .36 18 15 30 -17 20 13. 9 -0. 8 17 2700 GD 013.8-00. 8 
is .37 18 16 2 -16 42 14. 5 -0. 6 8.3 2700 GD 014.4-00. 6 
3 .38 18 16 5 — 16 41 14. 5 -0. 6 4 
5 
1414 
2695 
ADG014.5-00. 6 
*******************************************************************  
RADIO SOURCES NEAR 2CG036+01 1=13.7 b=0.6 RA=18 10 DEC=-16.8 
THE 90% CONFIDENCE ERROR CIRCLE HAS RADIUS R=1.0 DEGREES 
******************************************************************* 
4. 01 18 45 4 40 36. 7 3. 1 35 559 RICH 24 
4. 02 18 48 7. 9 3 56 36. 4 2. 1 2. 3 179 4C+03.42 
4. 03 18 48 8. 4 3 54 41 36. 4 2. 0 1. 15 408 ce 036+02.0 
4. 04 18 48 45. 0 2 55 51 35. 6 1. 4 1. 22 408 CC 035+01.4 
4. 05 18 50 18 2 24 35. 3 0. 9 4 
4 
1414 
2695 
ADG035.3+00. 8 
4. 06 18 51 7 3 11 36. 1 1. 0 2. 7 179 4C+03.43 
4. 07 18 51 8. 6 3 11 2 36. 1 1. 0 1. 25 408 CC 036+01.0 
4. 08 18 52 4 4 46 37. 6 1. 6 1 
1 
1414 
2695 
ADG037.5+01. 5 
4. 09 18 52 28 3 15 36. 3 0. 8 3 
3 
1414 
2695 
ADG036.3+00. 7 
4. 10 18 52 29 3 15 36. 3 0. 8 2650 BK 036.3+00. 7 
4. 11 18 52 30 3 14 36. 3 0. 8 2. 35 3300 HR 16 
4. 12 18 53 21. 7 2 52 33 36. 1 0. 4 1. 78 408 CC 036+00.4 
4. 13 18 53 22 2 54 36. 1 0. 4 2. 8 179 4C+02.47 
4. 14 18 53 39 2 52 36. 1 0. 3 1 1414 ADG036.1+00. 3 
4. 15 18 54 13 4 24 37. 6 0. 9 4 
3 
1414 
2695 
ADG037.5+00. 9 
4. 16 18 54 39 4 3 37. 3 0. 7 2. 53 3300 HR 22 
4. 17 18 54 39 4 7 37. 4 0. 7 3 2700 DWC037.3+00. 6 
******************************************************************* 
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TABLE B.la continued 
RA DEC 1 b FLUX FREQ REF 
RADIO SOURCES NEAR 2CG0054+01 1=54.2 b=1.7 RA=19 23 DEC=19.5 
THE 90% CONFIDENCE ERROR CIRCLE HAS RADIUS R=1.0 DEGREES 
******************************************************************* 
5. 01 19 21 12 20 15 54. 6 2. 5 21 1415 OV+234 
5. 02 19 21 26 19 5 53. 6 1. 9 1. 0 1415 OV+136 
5. 03 19 22 11. 4 20 36 0 55. 1 2. 5 1. 1 
9 
750 
1410 
H 1922+20 
5. 04 19 22 21 20 41 55. 2 2. 5 1. 6 
8 
9 
635 
1410 
2650 
PKS1922+20.5 
5. 05 19 22 24. 9 20 39 0 55. 1 2. 4 2. 8 408 BG 1922+20 
5. 06 19 22 25 20 39 55. 1 2. 4 1. 17 1415 OV+237.4 
5. 07 19 22 26 20 43 55. 2 2. 5 7 2700 DCC055.2+02.4 
5. 08 19 22 27 20 30 55. 0 2. 4 6 2700 DCC055.0+02.3 
5. 09 19 22 27. 5 20 34 0 55. 1 2. 4 3. 1 179 4C+20.48 
5. 10 19 22 28 20 29 55. 0 2. 3 1. 6 
8 
5 
535 
1410 
2650 
PKS1922+20.4 
5. 11 19 23 20 20 55 55. 5 2. 4 2 1420 DA481 
5. 12 19 23 49 21 1 55. 6 2. 3 1. 4 2700 DCC055.6+02.3 
5. 13 19 26 13 19 24 54. 5 1. 1 1. 2 2700 DCC054.4+01.0 
5. 14 19 27 12 18 32 53. 8 0. 4 14 2700 AMWW 60 
5. 15 19 27 27 18 25 53. 7 0. 3 3. 9 2700 DCC053.7+00.3 
5. 16 19 28 2 18 50 54. 2 0. 4 1 1414 ADG054.1+00.4 
******************************************************************* 
RADIO SOURCES NEAR 2CG065+00 1=65.7 b=0.0 RA=19 55 DEC=28.7 
THE 90% CONFIDENCE ERROR CIRCLE HAS RADIUS R=0.8 DEGREES 
******************************************************************* 
6. 01 19 50 5 29 17 0 65. 7 1. 3 • 10 408 AJG 101 
6. 02 19 50 13. 2 29 18 0 65. 8 1. 2 .88 408 B2.2 1950+29 
6. 03 19 50 13. 4 29 18 0 65. 8 1. 2 .93 408 B2 1950+29A 
6. 04 19 50 14 29 16 65. 7 1. 2 4 .8 610 VR029.19.02 
6. 05 19 50 18 29 19 65. 8 1. 2 4 2695 ADG065.8+01.2 
6. 06 19 50 20 29 18 65. 8 1. 2 2 .2 1420 DA495 
6. 07 19 50 20 29 18 65. 8 1. 2 9 .0 408 BGE 1950+29 
6. 08 19 50 21 29 21 55. 8 1. 2 3 .59 1415 OV+284 
6. 09 19 50 41. 2 29 28 42 56. 0 1. 2 .26 408 B2 1950+29B 
6. 10 19 51 2. 9 29 2 54 55. 6 1. 0 .51 408 B2.2 1951+29 
6. 11 19 51 30 28 15 55. 0 0. 5 1 .9 1420 DA497 
6. 12 19 51 44. 1 27 45 18 64. 5 0. 2 1 .33 408 B2.2 1951+27 
6. 13 19 52 58. 9 27 50 64. 8 -0. 1 1 .4 408 BG 1952+27 
6. 14 19 53 2 28 27 64. 6 -0. 3 .80 408 B2.2 1953+28 
5. 15 19 53 2. 9 29 9 17 65. 7 0. 5 .12 
.02 
.01 
10630 
3240 
6630 
PK 055+00.1 
6. 16 19 54 42 28 13 65. 4 -0. 3 1 2695 ADG065.3-00.2 
6. 17 19 54 43. 9 28 13 24 65. 0 -0. 5 .88 408 B2.2 1954+28 
6. 18 19 54 48 28 16 65. 0 -0. 5 .6 1412 CTD119 
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TABLE B.la continued 
RA DEC I b FLUX FREQ REF 
6. 19 19 55 47 27 43 24 63.8 -1.5 1.15 408 B2, .2 1955+27A 
6. 20 19 55 50.3 27 40 63.9 -1.5 1.8 408 BG 1955+27 
6. 21 19 55 58 27 31 12 64.0 -1.4 .90 408 B2, ,2 1955+27B 
6. 22 19 57 2.9 29 27 0 65.9 -0.5 .22 408 . B2 1957+29A 
6. 23 19 57 50.7 28 4 24 65.5 -1.0 .40 408 B2. 2 1957+28 
6. 24 19 58 48.4 29 12 48 66.3 -0.7 .25 408 B2. 2 1958+29 
************************************** '  ***************************** 
RADIO SOURCES NEAR 2CG075+00 1=75.0 b=0.0 RA=20 19 DEC=36.4 
THE 90% CONFIDENCE ERROR CIRCLE HAS RADIUS R=1.0 DEGREES 
******************************************************************* 
7. 01 20 12 0 36 5 74. 0 1. 0 36 960 CTB 85 
7. 02 20 12 55 36 57 74. 8 1. 3 47 1420 DA506 
7. 03 20 12 59. 3 35 51 30 73. 9 0. 7 70 408 B2.3 2012+35 
7. 04 20 13 24. 0 36 17 48 74. 3 0. 9 1. 33 408 B2.3 2013+36 
7. 05 20 13 26. 5 36 21 6 74. 3 0. 9 2. 2 179 4C+36.38 
7. 06 20 13 35. 9 37 8 75. 0 1. 3 2. 6 408 BG 2013+37 
7. 07 20 13 54 35 30 74. 5 0. 9 4 2695 ADG074.5+00.9 
7. 08 20 14 36 5 74. 2 0. 7 40 559 RICH 41 
7. 09 20 14 2 37 5 75. 0 1. 2 10 2695 ADG075.0+01.2 
7. 10 20 14 4 37 3 75. 0 1. 2 8. 6 1000 DKM074.9+01.2 
7. 11 20 14 5 37 3 45 75. 0 1. 2 12 408 AJG 103 
7. 12 20 14 10 36 30 74. 5 0. 9 76 408 BGE 2014+36 
7. 13 20 14 10. 6 37 1 75. 0 1. 2 11. 4 408 BG 2014+37 
7. 14 20 14 12. 6 37 2 54 75. 0 1. 2 5. 3 179 4C+37.57 
7. 15 20 14 18 37 3 75. 0 1. 2 10 960 CTB 87 
7. 16 20 14 24 36 39 74. 7 0. 9 55 3200 HBMROl 
7. 17 20 14 25. 6 35 30 30 73. 7 0. 3 81 408 B2.3 2014+35A 
7. 18 20 14 51 36 44 74. 8 0. 9 42. 3 1420 MULIO 
7. 19 20 14 52. 4 35 51 24 74. 1 0. 4 89 408 B2.3 2014+35C 
7. 20 20 15 48 36 39 74. 8 0. 7 7 2695 ADG074.8+00.7 
7. 21 20 15 49 36 36 74. 8 0. 7 10 1000 DKM074.8+00.6 
7. 22 20 15 58. 7 35 8 36 73. 6 -0. 3 47 408 B2.3 2015+35 
7. 23 20 17 42 36 53 73. 8 -0. 6 25 1390 W64 
7. 24 20 18 8. 1 35 10 30 73. 6 -0. 8 35 408 B2.3 2018+35 
7. 25 20 18 40. 1 36 22 36 74. 3 -0. 5 99 408 B2.3 2018+36 
7. 26 20 18 40. 5 36 24 6 74. 3 -0. 5 2. 0 179 4C+36.39 
7. 27 20 18 40. 7 36 43 74. 1 -0. 7 2. 1 408 BG 2018+36 
7. 28 20 19 25 37 12 75. 4 0. 2 75 1420 DA511 
7. 29 20 19 42 37 2 75. 6 0. 3 19 960 CTB 90A 
7. 30 20 19 42 37 16 75. 8 0. 4 50 3200 HBMR09 
7. 31 20 19 47. 4 37 13 75. 8 0. 4 7. 3 408 BG 2019+37 
7. 32 20 19 48. 4 37 18 42 75. 8 0. 4 4. 41 408 B2.3 2019+37 
7. 33 20 20 21 37 12 75. 8 0. 3 44. 4 1420 MUL15A . 
7. 34 20 21 8. 0 35 13 42 74. 3 -1. 1 29 408 B2.3 2021+35 
7. 35 20 22 35. 1 35 12 30 74. 1 -1. 6 37 408 B2.3 2022+35 
7. 36 20 22 42 36 30 74. 7 -1. 2 27 3200 HBMR13 
7. 37 20 22 55 36 57 74. 4 -1. 5 26 1420 DA514 
7. 38 20 23 36 35 74. 7 -1. 3 40 559 RICH 44 
7. 39 20 23 3 37 6 75. 9 -0. 4 44. 4 1420 MUL15A 
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TABLE B.la continued 
RA DEC 1 b FLUX FREQ REF 
7 .40 20 23 24 37 2 75. 0 -0. 5 5 950 CTB 90B 
7 .41 20 23 31. 2 37 13 35 75. 8 -0. 5 .89 408 B2.3 2023+37 
7 .42 20 24 48 37 8 75. 1 -0. 8 22 3200 HBMR15 
7 .43 20 25 25. 8 35 2 24 75. 4 -1. 4 2.19 408 B2.3 2025+35 
7 .44 20 25 27. 6 35 43 74. 9 -1. 8 5.5 408 BG 2025+35 
7 .45 20 25 32.  4 37 13 12 75. 1 -0. 9 3.29 408 B2.3 2025+37 
******************************************************************* 
RADIO SOURCES NEAR 2CG078+01 1=78.0 b= =1.5 RA=20 22 DEC=39.8 
THE 90% CONFIDENCE ERROR CIRCLE HAS RADIUS R .=1 .0 DEGREES 
8.01 20 15 0 38 53 75.7 1.9 5 3240 ROl 
8.02 20 15 24 39 12 77.0 2.0 4 3240 R03 
8.03 20 17 4 39 18 77.2 2.0 18 1414 PD02 
8.04 20 17 12 40 47 78.4 2.8 22 3240 R17 
8.05 20 17 25 39 12 77.1 1.9 75 1420 DA508 
8.05 20 17 25.9 40 30 78.2 2.5 4. 3 408 BG 2017+40 
8.07 20 17 55 39 28 77.4 2.0 73 5600 HIG04 
8.08 20 18 39 0 77.0 1.7 14 950 CTB 9IB 
8.09 20 18 5 38 55 77.0 1.5 10 3200 HBMR07 
8.10 20 18 5 39 24 77.4 1.9 23 3240 R05 
8.11 20 18 10 40 34 78.3 2.5 70 5600 HIG05 
8.12 20 18 10 40 47 78.5 2.7 7 5600 HIG05 
8.13 20 18 15 40 3 77.9 2.2 5 5600 HIG07 
8.14 20 18 15 40 35 78.4 2.5 18 1000 DKM078.3+02, 
8.15 20 18 18 39 18 77.3 1.8 8 610 YW21 
8.15 20 18 18 39 28 77.4 1.9 15 3200 HBMR08 
8.17 .20 18 18 40 34 78.4 2.5 25 3240 R15 
8.18 20 18 20.0 40 35 20 78.4 2.5 7 10600 HIGG 03 
8.19 20 18 20.0 40 39 78.4 2.5 5. 7 408 BG 2018+40 
8.20 20 18 34 40 33 78.4 2.5 55 5000 DR03 
8.21 20 18 38 40 35 78.4 2.5 71 1414 PD03 
8.22 20 18 48 41 9 78.9 2.8 4 3240 R25 
8.23 20 19 0 39 11 77.3 1.5 45 1390 W65 
8.24 20 19 5 40 49 78.5 2.5 90 610 YW23 
8.25 20 19 30 40 0 78.0 2.0 6 3240 R07 
8.25 20 19 30 40 52 78.7 2.5 53 950 CTB 89 
8.27 20 19 35 40 5 78.1 2.1 410 178 3C410.1 
8.28 20 19 42 38 39 75.9 1.2 5 610 YW25 
8.29 20 19 54 40 17 78.3 2.1 5 3240 R14 
8.30 20 20 12 40 15 78.3 2.1 229 1420 MUL14A 
8.31 20 20 18 39 15 77.5 1.5 7 610 yw25 
8.32 20 20 18 40 9 78.2 2.0 320 610 YW27 
8.33 20 20 24 41 3 79.0 2.5 1 3240 R28 
8.34 20 20 34.3 39 2 0 77.3 1.3 7. 2 179 4C+39.51 
8.35 20 20 35 38 32 75.9 1.0 2 3240 R02 
8.35 20 20 39.0 40 3 55 78.2 1.9 45 10600 HIGG 02 
8.37 20 20 42 39 15 77.5 1.4 9 3240 R22 
8.38 20 20 42 40 5 78.2 1.9 199 1414 PD04 
8.39 20 20 44 40 2 78.2 1.8 230 1000 DKM078.1+01 
8.40 20 20 45 40 3 45 78.2 1.8 520 408 AJG 104 
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TABLE B.la continued 
RA DEC 1 b FLUX FREQ REF 
8. 41 20 20 46 40 4 78.2 1.8 75 5000 DR04 
8. 42 20 20 48 40 2 78.2 1.8 65 3240 Rll 
8. 43 20 20 48 40 13 78.3 1.9 590 1390 W66 
8. 44 20 20 50. 4 40 24 78.5 2.0 43. 2 408 BG 2020+40 
8. 45 20 20 54 41 14 79.2 2.5 9 3240 R31 
8. 46 20 20 55 40 12 78.3 1.9 109 6600 HIG08 
8. 47 20 20 55 41 10 79.1 2.5 41 6600 HIG09 
8. 48 20 21 40 5 78.3 1.8 770 559 RICH 43 
8. 49 20 21 40 0 78.2 1.8 250 960 CTB 91A 
8. 50 20 21 12 40 8 78.3 1.8 315 3200 HBMRll 
8. 51 20 21 18 40 13 78.4 1.9 19 3240 RI 6 
8. 52 20 22 40 0 78.3 1.6 300 178 HB20 
8. 53 20 22 12 41 15 79.3 2.3 4 3240 R37 
8. 54 20 23 42 38 32 77.3 0.5 6 610 YW31 
8. 55 20 24 6 39 58 78.5 1.3 214 610 YW32 
8. 56 20 24 11 40 1 78.5 1.3 178 5000 DR05 
8. 57 20 24 12 40 1 78.6 1.3 114 3240 R20 
8. 58 20 24 15 38 32 77.4 0.4 7 6600 HIGH 
8. 59 20 24 15. 0 40 0 40 78.5 1.3 80 10600 HIGG 05 
8. 60 20 24 21 40 1 78.6 1.3 164 1414 PD05 
8. 61 20 24 30 39 59 78.6 1.2 220 6600 HIG12 
8. 62 20 24 36 39 58 78.6 1.2 185 3200 HBMR15 
8. 63 20 24 39 39 58 78.6 1.2 197 1420 MUL14B 
8. 64 20 24 48 40 22 78.9 1.4 17 3240 R27 
8. 65 20 24 54 40 7 78.7 1.2 52 2700 AMWW 62 
8. 66 20 25 12 39 15 78.0 0.7 18 610 YW34 
8. 67 20 25 24 39 15 78.1 0.6 11 1414 PD06 
8. 68 20 25 24 39 16 78.1 0.7 18 3240 R09 
8. 69 20 25 24 40 36 79.2 1.4 26 610 YW35 
8. 70 20 25 25 39 56 78.6 1.0 54 1000 DKM078.6+01.0 
8. 71 20 25 25. 0 39 16 10 78.1 0.7 12 10600 HIGG 01 
8. 72 20 25 26. 8 38 50 77.7 0.4 7. 8 408 BG 2025+38 
8, 73 20 25 36 39 53 78.6 1.0 170 1390 W67 
8. 74 20 25 38 39 18 78.1 0.6 8 5000 DR06 
8. 75 20 25 40 39 19 78.1 0.6 14 6600 HIG13 
8. 76 20 26 39 35 78.4 0.7 1390 W68A 
8. 77 20 26 16. 4 40 55 30 79.5 1.5 4. 7 179 4C+40.41 
8. 78 20 26 18 39 57 78.7 0.9 86 3240 R23 
8. 79 20 26 22. 0 40 41 55 79.3 1.3 17 10600 HIGG 07 
8. 80 20 26 22 ..9 40 51 79.5 1.4 17. 9 408 BG 2026+40 
8. 81 20 26 24 40 40 79.3 1.3 22 1414 PD07 
8. 82 20 26 25. 0 39 53 30 78.7 0.9 58 10600 HIGG 06 
8. 83 20 26 30 40 42 79.4 1.3 29 3240 R38 
8. 84 20 26 31 40 43 79.4 1.3 20 5000 DR07 
8. 85 20 27 39 38 51 78.0 0.1 7 1414 PD09 
8. 86 20 27 42 40 19 79.2 0.9 2 3240 R32 
8. 87 20 27 50 38 53 78.0 0.1 8 5000 DR09 
******************************************************************* 
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TABLE B.la continued 
RA DEC 1 h FLUX FREQ REF 
RADIO SOURCES NEAR 2CG095+04 1=95.5 b=4.2 RA=21 15 DEC=55.0 
THE 90% CONFIDENCE ERROR CIRCLE HAS RADIUS R=1.5 DEGREES 
******************************************************************* 
9. 01 21 6 33 54 34 94.4 4. 9 3 178 4CP54.43A 
9. 02 21 6 40 54 43 94.5 5. 0 .60 1415 OX+511 
9. 03 21 6 40. 3 54 42 94.5 5. 0 1 .8 408 BG 2106+54 
9. 04 21 6 45. 0 53 19 93.5 4. 0 2 .0 408 BG 2106+53 
9. 05 21 6 49. 5 53 23 0 93.5 4. 1 2 
28 
.9 179 
38 
4C+53.47 
9. 06 21 6 59 53 21 93.5 4. 0 4 178 4CP53.47 
9. 07 21 8 18 54 24 94.4 4. 6 3 408 LHE496 
9. 08 21 9 40 56 32 96.1 5. 9 .29 1415 OX+516 
9. 09 21 10 32 54 6 94.4 4. 1 .39 1415 OX+517.5 
9. 10 21 10 42. 6 56 40 12 96.3 5. 9 3 .3 179 4C+56.31 
9. 11 21 10 49. 7 56 41 96.3 5. 9 2 .5 408 BG 2110+56 
9. 12 21 10 56 56 42 96.3 5. 9 .92 1415 OX+518 
9. 13 21 11 1 56 35 96.3 5. 8 4 .1 178 4CP56.31 
9. 14 21 12 51.. 0 53 16 6 94.0 3. 3 2 .2 179 4C+53.48 
9. 15 21 15 9 56 15 96.4 5. 2 .70 1415 OX+525 
9. 16 21 18 57 54 28 95.5 3. 5 2 .0 178 CR 54T368 
9. 17 21 19 0. 1 54 36 95.6 3. 6 1 .2 408 BG 2119+54 
9. 18 21 19 3. 7 54 25 12 95.5 3. 5 2 .6 179 4C+54.44 
9. 19 21 19 8 55 46 96.5 4. 4 .19 1415 OX+532 
9. 20 21 19 50 55 58 96.7 4. 5 2 .7 178 4CP55.38B 
9. 21 21 20 21 56 10 96.9 4. 6 .34 1415 OX+534 
9. 22 21 21 29 54 51 96.1 3. 5 1 .35 1415 OX+536 
9. 23 21 22 30 56 16 97.2 4. 4 .20 1415 OX+539 
9. 24 21 23 43 55 23 96.7 3. 7 3 .8 178 4CP55.38C 
9. 25 21 24 45 55 9 96.6 3. 4 2 .79 1415 OX+541 
9. 26 21 25 35 55 18 96.8 3. 4 3 1420 DA548 
9. 27 21 27 13 54 27 96.4 2. 7 1 .61 1415 OX+544 
******************************************************************* 
RADIO SOURCES NEAR 2CG121+04 1=121.0 b=4.0 RA=0 29 DEC=66.5 
THE 90% CONFIDENCE ERROR CIRCLE HAS RADIUS R=1.0 DEGREES 
******************************************************************* 
10. 01 0 24 10 66 25 120 .6 4. 0 3. 0 1420 DA012 
10. 02 0 35 4. 8 66 42 39 121 .7 4. 2 0. 
0. 
42 
61 
5000 
2700 
54 0035+36 
10. 03 0 35 12 67 24 121 .7 4. 9 1. 7 408 BG 0035+67 
10. 04 0 35 13. 3 67 24 12 121 .7 4. 9 2. 1 179 4C+67.01 
10. 05 0 35 33 67 28 6 121 .8 .5. 0 3. 7 178 4CP67.01 
10. 06 0 41 37. 3 66 1 122 .3 3. 5 4. 9 408 BG 0041+66 
10. 07 0 41 38. 7 66 2 12 122 .3 3. 5 7. 6 179 4C+66.02 
10. 08 0 41 53 66 2 122 .3 3. 5 6. 9 178 4CP66.02 
******************************************************************* 
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TABLE B.la continued 
RA DEC 1 b FLUX FREQ REF 
RADIO SOURCES NEAR 2CG135+01 1=135.0 b=1.5 RA=2 33 DEC=61.7 
THE 90% CONFIDENCE ERROR CIRCLE HAS RADIUS R=1.0 DEGREES 
******************************************************************* 
11. 01 2 21 39 61 53 133.7 1.3 76. 5 5007 MH 133.7+01.2 
11. 02 2 21 47. 1 61 55 18 133.7 1.3 3. 1 179 4C+61.05 
11. 03 2 21 48. 8 61 46 133.8 1.2 37. 6 408 BG 0221+61 
11. 04 2 22 0 62 0 133.7 1,4 400 408 BGE 0222+62 
11. 05 2 22 12 61 50 133.8 1.2 3130 KLNS 04 
11. 06 2 22 18 61 49 133.8 1.2 222 3200 RMHB08 
11. 07 2 22 18 61 57 133.8 1.4 2700 AMWW 08 
11. 08 2 22 20 61 48 133.8 1.2 54 610 VR061.02.02 
11. 09 2 22 20 61 51 133.8 1.3 150 1420 DA075 
11. 10 2 22 24 61 48 133.8 1.2 365 400 DGVW012 
11. 11 2 22 41 61 21 134.0 0.8 12 178 PRF124 
11. 12 2 22 42 61 51 133.9 1.3 170 1390 W03 
11. 13 2 22 42 61 54 133.8 1.3 390 178 BEN08 
11. 14 2 22 49 62 2 133.8 1.5 30. 2 5007 MH 133.8+01.4 
11. 15 2 22 59. 9 61 55 133.9 1.4 31. 5 408 BG 0222+61 
11. 16 2 23 61 40 134.0 1.1 390 559 RICH 72 
11. 17 2 23 61 43 133.9 1.2 98 960 CTB 9 
11. 18 2 23 5. 4 62 3 30 133.8 1.5 3 179 4C+62.06 
11. 19 2 27 12 60 25 134.9 0.1 17 3200 RMHB09 
11. 20 2 28 42 61 17 134.7 1.0 168 3200 RMHBIO 
11. 21 2 28 54 61 13 134.8 1.0 3130 KLNS 05 
11. 22 2 29 60 30 135.1 0.3 55 559 RICH 73 
11. 23 2 29 30 61 13 134.8 1.0 90 1390 W04 
11. 24 2 29 30 61 13 134.8 1.0 290 610 VR061.02.03 
11. 25 2 29 37. 3 61 8 134.9 0.9 3. 3 408 BG 0229+61 
11. 26 2 31 20 61 11 135.1 1.0 40 1420 DA080 
11. 27 2 31 41. 6 63 7 134.4 2.8 1. 5 408 BG 0231+63 
11. 28 2 32 10 63 9 134.4 2.9 2. 3 178 4CP63.05 
11. 29 2 33 2. 5 60 57 135.3 0.9 3. 2 408 BG 0233+60 
11. 30 2 36 41. 3 61 14 12 135.6 1.3 2. 2 179 4C+61.06 
11. 31 2 37 43. 5 61 10 135.8 1.3 1. 7 408 BG 0237+61 
******************************************************************* 
RADIO SOURCES NEAR 2CG195+04 1=195.1 b=4.5 RA=6 31 DEC=17.9 
THE 90% CONFIDENCE ERROR CIRCLE HAS RADIUS R=0.4 DEGREES 
**************************************************** ** ************* 
13.01 6 31 1 18 24 231.4 4.6 1.2 610 VR018.06.03 
13.02 6 31 6.1 18 24 12 231.4 4.6 .6 750 H 0631+18 
.5 1410 
13.03 6 31 16 18 24 231.4 4.6 .55 1415 OH+152 
******************************************************************* 
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TABLE B.la continued 
RA DEC 1 b FLUX FREQ REF 
RADIO SOURCES NEAR 2CG218-00 1=218.5 b=-0.5 RA=6 58 DEC=-5.1 
THE 90% CONFIDENCE ERROR CIRCLE HAS RADIUS R=1.3 DEGREES 
******************************************************************* 
14. 01 6 51 57 -4 28 217. 4 -1. 5 .3 2700 DCC217.3-01. 4 
14. 02 6 52 10 -4 48 217. 7 -1. 6 .55 1415 OH-087 
14. 03 6 53 42 -3 30 216. 7 -0. 6 .71 1415 OH-090 
14. 04 6 56 34 -6 17 219. 5 -1. 3 .54 1415 OH-094 
14. 05 6 57 1 -4 45 218. 2 -0. 5 .90 1415 OH-095 
14. 06 6 57 16 -4 41 218. 2 -0. 4 .7 2700 DCC218.1-00. .3 
14. 07 6 59 51 -5 51 219. 5 -0. 3 .33 1415 OH-099 
14. 08 7 0 41 -6 12 219. 9 -0. 3 .21 1415 01-001 
14. 09 7 1 30. 7 -5 12 219. 1 0. 4 1 .70 408 BG 0701-05 
14. 10 7 1 31. 0 -5 2 54 219. 0 0. 5 2 .3 179 4C-05.25 
14. 11 7 1 32 -5 15 219. 2 0. 4 2 .5 
.5 
408 
1410 
PKS0701-05 
14. 12 7 1 32 -5 22 219. 3 0. 4 .33 1415 OI-003 
14. 13 7 3 38. 6 -5 9 35 219. 3 0. 9 1 .28 408 ce 219+00.9 
14. 14 7 3 39. 0 -5 14 42 219. 4 0. 9 2 .4 179 4C-05.26 
14. 15 7 3 39. 0 -5 15 219. 4 0. 9 1 .3 408 BG 0703-05 
14. 16 7 3 42 -5 5 219. 3 1. 0 .25 1415 OI-006 
******************************************************************* 
RADIO SOURCES NEAR 2CG235-01 1=235.5 b=-1.0 RA=7 29 DEC=-20.3 
THE 90% CONFIDENCE ERROR CIRCLE HAS RADIUS R=1.5 DEGREES 
******************************************************************* 
15. 01 7 20 17. 9 -19 22 19 233. 8 -2. 3 .50 408 MCI 0720-193 
15. 02 7 20 37. 0 -21 13 50 235. 4 -3. 1 .20 408 MCI 0720-212 
15. 03 7 20 54. 9 -20 27 41 234. 8 -2. 7 .56 408 MCI 0720-204 
15. 04 7 21 4. 8 -21 33 30 235. 8 -3. 1 .19 408 MCI 0721-215 
15. 05 7 21 6. 4 -21 1 235. 3 -2. 9 1 .1 408 B1 0721-21 
15. 06 7 21 7. 9 -21 9 21 235. 4 -2. 9 .71 408 MCI 0721-211 
15. 07 7 21 24 -19 28 234. 0 -2. 1 .19 1415 01-136 
15. 08 7 21 55. 3 -20 14 14 234. 7 -2. 3 1 .00 408 CC 234-02.3 
15. 09 7 21 56. 2 -20 14 18 234. 7 -2. 3 .89 408 MCI 0721-202 
15. 10 7 21 57 -20 4 234. 6 -2. 3 .23 1415 01-236.6 
15. 11 7 23 14. 9 -20 47 54 235. 3 -2. 3 .23 408 MCI 0723-207 
15. 12 7 23 30 -18 58 233. 8 -1. 4 .5 2700 DCC233.7-01.4 
15. 13 7 23 43. 7 -19 26 39 234. 2 -1. 6 .26 408 MCI 0723-194 
15. 14 7 24 45. 5 -19 17 52 234. 2 -1. 3 .58 408 MCI 0724-192 
15. 15 7 24 57. 4 -20 17 10 235. 1 -1. 7 .37 408 MCI 0724-202 
15. 16 7 24 59. 1 -21 7 47 235. 8 -2. 1 .60 408 MCI 0724-211 
15. 17 7 25 30 -20 39 235. 5 -1. 8 10 85 MSH 07-209 
15. 18 7 25 42. 9 -20 21 12 235. 2 -1. 6 .53 408 MCI 0725-203 
15. 19 7 25 47 -20 24 235. 3 -1. 6 .18 1415 01-242.9 
15. 20 7 26 35 -20 41 235. 6 -1. 6 .19 1415 01-244.3 
15. 21 7 26 36. 6 -20 34 55 235. 5 -1. 5 .76 408 CC 235-01.5 
15. 22 7 26 36. 9 -20 34 42 235. 5 -1. 5 .84 408 MCI 0726-205 
15. 23 7 26 38. 6 -20 58 235. 9 -1. 7 1 .0 408 B1 0726-20 
15. 24 7 27 4 -18 54 234. 1 -0. 6 1 .9 1415 01-145.1 
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TABLE B.la continued 
RA DEC 1 b FLUX FREQ REF 
15. 25 7 27 12 -22 6 236. 9 -2. 2 16 85 MSH 07-211 
15. 26 7 27 13 -22 10 237. 0 -2. 2 6 2700 DCC237.0-02.1 
15. 27 7 27 16. 7 -22 11 52 237. 0 -2. 2 2. 00 408 CC 236-02.1 
15. 28 7 27 17. 3 -22 11 44 237. 0 -2. 2 2. 4 408 MCI 0727-221 
15. 29 7 27 18. 8 -22 16 237. 1 -2. 2 2. 9 408 BG 0727-22 
15. 30 7 27 19 -22 12 237. 0 -2. 2 6. 8 
8 
4 
408 
1410 
2650 
PKS0727-22 
15. 31 7 27 20. 7 -22 2 236. 9 -2. 1 2. 6 408 B1 0727-22 
15. 32 7 27 22 -21 55 236. 8 -2. 0 1. 77 1415 01-246 
15. 33 7 27 23 -21 47 236. 7 -2. 0 8 2700 DCC236.6-01.9 
15. 34 7 27 29. 1 -21 46 1 236. 7 -1. 9 1. 30 408 MCI 0727-217 
15. 35 7 27 29. 4 -21 46 2 236. 7 -1. 9 78 408 CC 236-01.9 
15. 36 7 27 42. 3 -18 25 34 233. 8 -0. 3 75 408 CC 233-00.2 
15. 37 7 27 48 -19 0 234. 3 -0. 5 16. 0 408 BGE 0727-19 
15. 38 7 27 49. 5 -21 46 45 236. 7 -1. 9 36 408 MCI 0727-217 
15. 39 7 27 50. 6 -18 42 234. 0 -0. 4 2. 0 408 BG 0727-18 
15. 40 7 27 53. 3 -21 18 15 236. 3 -1. 6 44 408 MCI 0727-213 
15. 41 7 27 54. 8 -21 52 236. 8 -1. 9 1. 1 408 B1 0727-21 
15. 42 7 27 56 -18 44 234. 1 -0. 4 5. 3 1415 01-146.6 
15. 43 7 27 58 -18 26 233. 8 -0. 2 1. 8 2700 DCC233.8-00.2 
15. 44 7 28 22 -18 55 234. 3 -0. 4 6. 0 2700 DCC234.2-00.3 
15. 45 7 28 22. 2 -19 47 39 235. 0 -0. 8 31 408 MCI 0728-197 
15. 46 7 28 49 -18 53 234. 3 -0. 3 1. 8 1415 01-148 
15. 47 7 29 7. 2 -21 45 46 236. 9 -1. 6 17 408 MCI 0729-217 
15. 48 7 29 19. 3 -22 28 237. 5 -1. 9 2. 5 408 B1 0729-22 
15. 49 7 29 20 -22 26 237. 5 -1. 9 1. 84 1415 01-250 
15. 50 7 29 21. 1 -22 18 44 237. 4 -1. 8 1. 43 408 CC 237-01.8 
15. 51 7 29 25 -22 18 237. 4 -1. 8 1. 3 2700 DCC237.3-01.8 
15. 52 7 29 32 -18 53 234. 4 -0. 1 1. 2 1415 01-150 
15. 53 7 29 41. 6 -20 57 22 236. 2 -1. 1 26 408 MCI 0729-209 
15. 54 7 29 42 -18 17 233. 9 0. 3 29 85 MSH 07-109 
15. 55 7 29 45 -19 19 234. 8 -0. 3 7 2700 DCC234.7-00.2 
15. 56 7 30 4. 8 -19 52 25 235. 3 -0. 5 35 408 MCI 0730-198 
15. 57 7 30 27. 8 -21 14 1 236. 6 -1. 1 16 408 MCI 0730-212 
15. 58 7 30 43. 3 -21 22 33 236. 7 -1. 1 6 408 MCI 0730-213 
15. 59 7 31 57 -18 45 234. 6 0. 5 6 1415 01-153.3 
15. 60 7 32 9. 3 -21 8 236. 7 -0. 7 37 408 MCI 0732-211 
15. 61 7 32 40 -18 42 234. 6 0. 7 1. 3 1415 01-154.4 
15. 62 7 33 18. 6 -19 46 40 235. 6 0. 3 33 408 MCI 0733-197 
15. 63 7 33 21 -18 40 234. 6 0. 9 6. 
1. 
2 
6 
7 
408 
1410 
2650 
PKS0733-18 
15. 64 7 33 23 -18 39 234. 6 0. 9 2. 3 2700 DCC234.6+00.8 
15. 65 7 33 30 -18 30 234. 5 1. 0 10. 0 408 BGE 0733-18 
15. 66 7 33 34 -18 43 234. 7 0. 9 3. 1 1415 01-156 
15. 67 7 33 44 -20 6 235. 9 0. 3 3 2700 DCC235.9+00.2 
15. 68 7 33 47. 3 -20 5 1 235. 9 0. 3 1. 50 408 CC 235+00.2 
15. 69 7 33 51. 2 -20 13 236. 1 0. 2 1. 3 408 BG 0733-20 
15. 70 7 33 51. 3 -20 5 44 235. 9 0. 3 1. 43 408 MCI 0733-200 
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TABLE B.la continued 
RA DEC 1 b FLUX FREQ REF 
15. 71 7 33 53 -20 1 235. 9 0. 3 .72 1415 01-256.5 
15. 72 7 33 56. 2 -20 3 235. 9 0. 3 1.2 408 El 0733-20 
15. 73 7 34 12 -19 38 235. 6 0. 6 11 85 MSH 07-111 
15. 74 7 34 26. 0 -20 51 38 236. 7 -0. 1 .32 408 MCI 0734-208 
15. 75 7 35 2. 7 -20 19 20 236. 3 0. 4 .22 408 MCI 0735-203 
15. 76 7 37 2 -21 24 237. 4 0. 3 .34 1415 01-260 
15. 77 7 37 33 -20 42 236. 9 0. 7 .28 1415 01-262.6 
******************************************************************* 
RADIO SOURCES NEAR 2CG284-00 1=284.3 b=-0.5 RA=10 22 DEC=-57.7 
THE 90% CONFIDENCE ERROR CIRCLE HAS RADIUS R=1.0 DEGREES 
******************************************************************* 
17. 01 10 12 23 -57 25 283. 2 -1. 0 7. 6 5000 GS 283.1-01. 0 
17. 02 10 12 26. 1 -57 26 0 283. 2 -1. 0 260 408 SG 283.1-01. 0 
17. 03 10 12 29. 9 -57 31 38 283. 2 -1. 1 260 408 SG 283.2-01. 1 
17. 04 10 12 29. 9 -57 31 52 283. 2 -1. 1 1. 38 408 ce 283-01.1 
17. 05 10 12 32 -57 26 283. 2 -1. 0 3. 5 2700 DCC283.1-01. 0 
17. 06 10 13 17 -57 35 283. 4 -1. 1 7. 6 5000 GS 283.3-01. 0 
17. 07 10 13 20. 4 -58 1 4 283. 6 -1. 5 1. 17 408 ce 283-01.4 
17. 08 10 13 21 -57 34 283. 4 -1. 1 4. 9 2700 DCC283.3-01. 0 
17. 09 10 13 23. 9 -57 35 21 283. 4 -1. 1 260 408 SG 283.3-01. 0 
17. 10 10 13 24 -57 35 283. 4 -1. 1 408 AG G283.3-1. 0 
17. 11 10 14 44. 9 -57 41 6 283. 6 -1. 1 260 408 SG 283.5-01. 0 
17. 12 10 14 50 -57 40 283. 6 -1. 0 107 5000 GS 283.5-01. 0 
17. 13 10 15 0 -57 40 283. 6 -1. 0 8. 3 2700 DCC283.5-01. 0 
17. 14 10 15 5 -57 9 283. 3 -0. 6 1410 BM 283.3-00. 6 
17. 15 10 15 10 -57 11 283. 4 -0. 6 10 2700 DCC283.3-00. 6 
17. 16 10 15 10 -57 35 283. 6 -1. 0 35 1410 BM 283.5-00. 9 
17. 17 10 15 13. 7 -57 11 2 283. 4 -0. 6 260 408 SG 283.3-00. 6 
17. 18 10 15 36 -58 41 284. 2 -1. 8 13 2700 DCC284.2-01. 8 
17. 19 10 15 36 -58 41 284. 2 -1. 8 408 AG G284.2-1. 8 
17. 20 10 15 40 -58 40 284. 2 -1. 8 25 1000 DKM284.2-01. 8 
17. 21 10 16 0 -58 39 284. 3 -1. 8 20 1410 BM 284.2-01. 7 
17. 22 10 17 -58 284. 0 -1. 2 69 30 FJ 1017-58 
17. 23 10 17 -58 48 284. 4 -1. 8 70 30 JF 284.4-1.8 
17. 24 10 17 12 -58 50 284. 5 -1. 9 71 85 MSH 10-503 
17. 25 10 17 35 -57 45 283. 9 -0. 9 35 1410 BM 283.9-00. 9 
17. 26 10 17 49. 4 -57 52 33 284. 0 -1. 0 260 408 SG 284.0-01. 0 
17, 27 10 18 0 -57 49 284. 0 -0. 9 81 2700 DCC284.0-00, .9 
17. 28 10 18 4 -57 49 284. 0 -0. 9 107 5000 GS 284.0-00. 9 
17. 29 10 19 18 -57 16 283. ,9 -0. 4 3. ,5 2700 DCC283.8-00. 3 
17. 30 10 20 18 -57 34 284. ,1 -0. 6 151 85 MSH 10-504 
17. 31 10 21 27 -57 31 284. 2 -0. 4 310 408 KOM02 
17. 32 10 21 48 -57 36 284. .3 -0. 5 332 960 GNIO 
17. 33 10 22 15 -57 30 284. .3 -0. 4 276 1410 BM 284.3-00 .3 
17. ,34 10 22 18 -57 32 284. .3 -0. 4 190 5000 GM 06 
17. 35 10 22 20 -57 32 284. 4 -0. 4 335 5000 GS 284.3-00 .3 
17. 36 10 22 24. 7 -57 31 33 284. 4 -0, .4 340 408 SG 284.3-00 .3 
17. 37 10 22 25 -57 30 284. 3 -0. 4 152 2700 DCC284.3-00 .3 
17. 38 10 22 28 -57 29 284. 3 -0. 3 120 408 KESIO 
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TABLE B.la continued 
RA DEC 1 b FLUX FREQ REF 
17. 39 10 22 48 -58 3 284. 7 -0. 8 1. 1 2700 DCC284.6-00. 7 
17. 40 10 23 53. 9 -57 50 40 284. 7 -0. 5 340 408 SG 284.6-00. 5 
17. 41 10 24 32 -57 32 284. 6 -0. 2 335 5000 GS 284.6-00. 2 
17. 42 10 24 45 -57 31 284. 6 -0. 2 408 AG G284.6-0. 2 
17. 43 10 24 56 -56 53 284. 3 0. 4 6. 0 2700 DCC284.3+00. 4 
17. 44 10 25 10 -56 54 284. 3 0. 4 1410 BM 284.3+00. 4 
17. 45 10 27 30. 4 -57 11 48 284. 8 0. 4 4. 37 408 CC 284+00.3 
17. 46 10 27 34 -57 12 284. 8 0. 4 3. 8 2700 DCC284.7+00. 3 
17. 47 10 29 14. 4 -58 8 39 285. 4 -0. 4 1. 19 408 CC 285-00.4 
17. 48 10 29 35 -57 43 285. 3 0. 1 24 1410 BM 285.2+00. 0 
17. 49 10 29 37 -57 46 285. 3 -0. 1 15. 0 5000 GS 285.3-00. 0 
17. 50 10 29 37. 9 -57 46 14 285. 3 -0. 1 18. 0 408 SG 285.3-00. 0 
17. 51 10 29 38 -57 46 285. 3 -0. 1 18 2700 DCC285.3-00. 0 
17. 52 10 29 42 -57 43 285. 3 0. 1 9 408 KESll 
17. 53 10 31 14 -57 52 285. 5 -0. 1 3. 9 2700 DCC285.5-00. 0 
******************************************************************* 
RADIO SOURCES NEAR 2CG288-00 1=288.3 b=-0.7 RA=10 48 DEC=-59.8 
THE 90% CONFIDENCE ERROR CIRCLE HAS RADIUS R=1.3 DEGREES 
******************************************************************* 
18. 01 10 40 50 -60 23 287. 8 -1. 7 17 2700 DCC287.8-01. 6 
18. 02 10 41 32 -59 19 287. 4 -0. 7 125 5000 GM 07 
18. 03 10 41 36. 4 -59 18 44 287. 4 -0. 7 1240 408 SG 287.4-00. 6 
18. 04 10 41 38 -59 19 287. 4 -0. 7 385 2700 DCC287.4-00. 6 
18. 05 10 41 42. 1 -60 2 23 287. 8 -1. 3 1240 408 SG 287.7-01. 3 
18. 06 10 41 42. 1 -60 2 23 287. 8 -1. 3 3. 00 408 CC 287-01.3 
18. 07 10 42 5 -59 21 287. 5 -0. 7 1380 1410 BM 287.4-00. 6 
18. 08 10 42 28. -59 43 287. 7 -1. 0 80 2700 DCC287.7-00. 9 
18. 09 10 42 30 -59 34 287. 6 -0. 8 610 408 KOM03 
18. 10 10 42 45 -58 38 287. 2 0. 1 17 2700 DCC287.2+00. 0 
18. 11 10 42 48 -59 23 287. 6 -0. 7 103 5000 GM 08 
18. 12 10 42 50 -59 23 287. 6 -0. 7 385 2700 DCC287.5-00. 6 
18. 13 10 42 50. 6 -59 23 16 287. 6 -0. 7 1240 408 SG 287.6-00. 6 
18. 14 10 43 0 -59 34 287. 7 -0. 8 628 960 GNll 
18. 15 10 43 15 -58 38 287. 3 0. 1 1380 1410 BM 287.2+00. 1 
18. 16 10 43 30 -59 30 287. 7 -0. 7 339 85 MSH 10-507 
18. 17 10 43 47. 9 -59 41 47 287. 8 -0. 9 1240 408 SG 287.8-00. 8 
18. 18 10 43 51. 9 -59 52 39 287. 9 -1. 0 1240 408 SG 287.9-01. 0 
18. 19 10 44 16 -58 23 287. 3 0. 4 3. 9 2700 DCC287.3+00. 4 
18. 20 10 44 49 -59 46 288. 0 -0. 9 154 2700 DCC287.9-00. 8 
18. 21 10 45 -59 287. 7 -0. 2 81 30 FJ 1045-59 
18. 22 10 45 1. 4 -59 45 17 288. 0 -0. 9 1240 408 SG 288.0-00. 8 
18. 23 10 45 24 -59 18 287. 8 -0. 4 81 30 JF 287.8-0.4 
18. 24 10 47 32 -58 59 288. 0 0. 1 11 2700 DCC287.9+00. 0 
18. 25 10 51 7 -58 48 288. 3 0. 4 2. 4 2700 DCC288.2+00. 4 
18. 26 10 53 33 -58 35 288. 5 0. 8 6 2700 DCC288.4+00. 7 
18. 27 10 54 27. 9 -59 49 59 289. 1 -0. 4 11. 3 408 SG 289.1-00. 4 
18. 28 10 54 28 -59 49 289. 1 -0. 4 20 1000 DKM289.1-00. 4 
18. 29 10 54 29 -59 49 289. 1 -0. 4 8. 7 5000 GS 289.1-00. 4 
18. 30 10 54 29 -59 50 289. 1 -0. 4 408 AG G289.1-0. 4 
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TABLE B.la continued 
RA DEC 1 b FLUX FREQ REF 
18. 31 10 54 32 -59 50 289. 1 -0. 4 14 2650 TD 289.1-00.4 
18. 32 10 54 32 -59 50 289. 1 -0. 4 14 2700 DCC289.1-00.4 
18. 33 10 54 40 -59 49 289. 1 -0. 4 10 1410 BM 289.1-00.3 
18. 34 10 54 48 -58 10 288. 4 1. 2 20 85 MSH 10-509 
18. 35 10 55 51 -60 18 289. 5 -0. 8 1.8 2700 DCC289.4-00.7 
18. 36 10 56 49 -60 50 289. S -1. 2 45 2650 TD 289.8-01.1 
18. 37 10 56 51 -60 50 289. 8 -1. 2 53 5000 GS 289.8-01.1 
18. 38 10 56 51. 9 —60 50 29 289. 8 -1. 2 42 408 SG 289.8-01.2 
18. 39 10 56 53 —60 50 283. 8 -1. 2 43 2700 DCC289.8-01.1 
18. 40 10 57 5 —60 53 289. 9 -1. 2 66 1410" BM 289.8-01.2 
18. 41 10 57 23. 8 -61 5 44 290. 0 -1. 4 42 408 SG 289.9-01.4 
18. 42 10 58 48 —60 48 290. 0 -1. 1 100 960 GN12 
18. 43 10 58 57 —60 33 289. 9 -0. 8 5 2650 TD 289.9-00.8 
18. 44 10 59 2 -60 33 289. 9 -0. 8 53 5000 GS 289.9-00.8 
18. 45 10 59 2 —60 33 289. 9 -0. 8 15 1000 DKM289.9-00.8 
18. 46 10 59 2. 2 -60 32 45 289. 9 -0. 8 69 408 SG 289.9-00.8 
18. 47 10 59 5 —60 34 289. 9 -0. 8 148 408 KOM04 
18. 48 10 59 28 —60 5 289. 8 -0. 4 9.7 408 AG G289.7-0.3 
18. 49 10 59 30 -59 59 289. 8 -0. 3 2 1410 BM 289.7-00.2 
18. 50 11 0 —60 289. 8 -0. 3 35 30 FJ 1100-60 
18. 51 11 0 0 -60 36 290. 1 -0. 8 162 85 MSH 11-601 
18. 52 11 0 12 —60 30 290. 0 -0. 7 35 30 JF 290.0-0.7 
18. 53 11 0 22 -60 38 55 290. 1 -0. 8 70 408 AJG 009 
18. 54 11 0 22 -60 38 29Ô. 1 -0. 8 408 AG G290.1-0.8 
18. 55 11 0 22. 1 -60 38 57 290. 1 -0. 8 69 408 SG 290.1-00.8 
18. 56 11 0 45 —60 37 290. 1 -0. 8 49 1410 BM 290.1-00.8 
18. 57 11 0 45 —60 38 290. 2 -0. 8 80 1000 DKM290.1-00.8 
18. 58 11 0 46 —60 38 290. 2 -0. 8 20 2650 TD 290.1-00.8 
18. 59 11 0 52 —60 37 290. 2 -0. 8 170 408 KES13 
***************** ************************************************** 
RADIO SOURCES NEAR 2CG289+64 1=289.3 b=64.6 RA=12 26 DEC=2.6 
THE 90% CONFIDENCE ERROR CIRCLE HAS RADIUS R=0.8 DEGREES 
******************************************************************* 
19 .01 12 23 25 2 47 288. 0 64. 7 22 1415 ON+039 
19 .02 12 26 31. 1 2 19 38 290. 0 64. 4 45. 97 750 NRA0400 
39. 62 1400 
19 .03 12 26 31 2 20 290. 0 64. 4 67 178 3C273.0 
19 .04 12 26 32. 8 2 17 36 290. G 64. 4 75 179 4C+02.32 
144 38 
19 .05 12 26 33 2 18 290. 0 64. 4 40. 9 1420 DA324 
19 .06 12 26 33 2 20 290. 0 64. 4 33. 56 1415 ON+044 
19 .07 12 26 33. 2 2 19 42 290. 0 64. 4 42. 4 8000 MA 1226+02 
19 .08 12 26 33. 3 2 19 44 290. 0 64. 4 38. 89 2700 PKS1226+02 
55. 1 408 
41. 2 1410 
37. 3 2650 
19 .09 12 26 36 2 17 290. 0 64. 4 167 85 MSH 12+008 
19 .10 12 26 40 2 20 290. 1 64. 4 50. 1 960 CTA 53 
19 .11 12 26 42 2 22 290. 1 64. 5 65 1390 W17 
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TABLE B.la continued 
RA DEC 1 b FLUX FREQ REF 
19.12 12 26 45 2 54 289.8 65.0 80 178 PRF563 
19.13 12 26 48 2 290.3 64.1 65 400 DGVW056 
19.14 12 27 2 24 290.2 54.5 48 408 LHE323 
19.15 12 27 30 2 12 290.6 64.3 55 559 RICH 03 
******************************************************************* 
RADIO SOURCES NEAR 2CG311-01 1=311.5 b=-1.3 RA=14 04 DEC=-62.7 
THE 90% CONFIDENCE ERROR CIRCLE HAS RADIUS R=1.0 DEGREES 
******************************************************************* 
20. 01 13 52 7. 8 -63 12 1 310.1 -1.5 1. 03 408 CC 310-01.5 
20. 02 13 54 41 -61 56 310.7 -0.4 9 1000 DKM310.6-00. 3 
20. 03 13 54 43 -61 54 310.7 -0.3 5 2700 DTG310.7-00. 3 
20. 04 13 54 48 -61 56 5 310.7 -0.4 15. 6 408 AJG 024 
20. 05 13 54 48 -61 56 310.7 -0.4 408 AG G310.6-0. 3 
20. 06 13 56 32 -62 0 310.9 -0.5 20 1000 DKM310.8-00. 4 
20. 07 13 56 36 -61 58 310.9 -0.4 8 2700 DTG310.9-00. 4 
20. 08 13 56 40 -62 0 310.9 -0.5 408 AG G310.8-0. 4 
20. 09 13 57 3 -62 2 310.9 -0.5 22 408 KES20 
20. 10 13 57 10 -62 1 311.0 -0.5 4. 6 1410 BM 310.9-00. 5 
20. 11 13 57 42 -63 41 310.5 -2.1 20 85 MSH 13-603 
20. 12 13 58 27 -61 46 311.2 -0.3 3 2700 DTG311.1-00. 3 
20. 13 13 58 28. 9 -61 46 59 311.2 -0.3 3. 3 408 SG 311.1-00. 3 
20. 14 13 58 36 -61 47 311.2 -0.3 6. 3 5000 GS 311.1-00. 3 
20. 15 13 58 50 -61 25 311.3 0.1 7 2700 DTG311.3+00. 1 
20. 16 13 58 50 -61 49 311.2 -0.4 2. 2 1410 BM 311.2-00. 3 
20. 17 13 58 55. 4 -61 23 44 311.3 0.1 3. 0 408 SG 311.3+00. 1 
20. 18 13 59 15 -61 25 311.3 0.1 5. 5 1410 BM 311.3+00. 0 
20. 19 13 59 34 -63 45 310.8 -2.3 26 408 • K0M17 
20. 20 14 1 57 -61 49 311.5 -0.5 6 2700 DTG311.5-00. 4 
20. 21 14 1 58 -61 43 311.5 -0.4 408 AG G311.5-0. 3 
20. 22 14 1 58 -61 43 35 311.5 -0.4 5. 7 408 AJG 025 
20. 23 14 1 58. 1 -61 43 33 311.6 -0.4 11. 2 408 SG 311.5-00. 3 
20. 24 14 2 1 -61 45 311.5 -0.4 5. 0 5000 GS 311.5-00. 3 
20. 25 14 2 2 -61 52 311.5 -0.5 6. 0 5000 GS 311.5-00. 5 
20. 26 14 2 30 -61 45 311.6 -0.4 8 1410 BM 311.6-00. ,4 
20. 27 14 3 16 -61 57 311.7 -0.6 3 2700 DTG311.6-00. ,6 
20. 28 14 3 23 -61 58 311.7 -0.7 408 AG G311.6-0. ,6 
20. 29 14 3 52 -61 13 311.9 0.1 28 5000 GS 311.9+00. ,1 
20. 30 14 3 55. 9 -61 12 54 311.9 0.2 30 408 SG 311.9+00, .1 
20. 31 14 4 3 -61 11 312.0 0.2 28 2700 DTG311.9+00, .1 
20. 32 14 4 13 -61 33 311.9 -0.3 2 2700 DTG311.8-00, .3 
20. 33 14 4 20. 3 -63 30 11 311.3 -2.2 1. ,14 408 CC 311-02.1 
20. 34 14 4 35 -61 11 312.0 0.1 50 1410 BM 312.0+00. 1 
20. 35 14 5 0 -51 25 312.0 -0.2 125 960 GN25 
20. 36 14 6 0 -51 20 312.1 -0.1 75 408 K0M18 
20. 37 14 6 18 -61 •24 312.2 -0.2 195 85 MSH 14-601 
20. 38 14 8 10 -61 31 312.3 -0.4 10 2700 DTG312.3-00 .3 
20. 39 14 8 40 -61 28 312.4 -0.4 1410 BM 312.4-00 .3 
20. 40 14 9 30 -61 30 312.5 -0.4 38. 9 408 AG G312.5-0 .4 
******************************************************************* 
TABLE B.la continued 
RA DEC 1 b FLUX FREQ REF 
RADIO SOURCES NEAR 2CG333+01 1=333.5 b=1.0 RA=16 13 DEC=-49.2 
THE 90% CONFIDENCE ERROR CIRCLE HAS RADIUS R=1.0 DEGREES 
******************************************************************* 
21. 01 16 5 58 -49 19 332 .7 1. 7 53 408 KOM35 
21. 02 16 8 15 -49 53 332 .5 1. 0 10 2650 MB 1608-49 
21. 03 16 9 36. 6 -47 59 11 334 .0 2. 3 1. 03 408 CC 333+02.2 
21. 04 16 11 0 -49 43 333 .0 0. 9 5 1410 BM 332.9+00. 8 
21. 05 16 11 4. 2 -50 30 14 332 .5 0. 3 40 408 SG 332.4+00. 2 
21. 06 16 11 16 -50 30 332 .5 0. 3 11 5000 GS 332.4+00. 2 
21. 07 16 11 17 -49 42 333 .0 0. 8 5 2650 MB 1611-49 
21. 08 16 11 18. 9 -49 43 5 333 .0 0. 8 9. 7 408 SG 333.0+00. 8 
21. 09 16 11 19 -49 43 333 .0 0. 8 408 AG G333.0+0. 8 
21. 10 16 11 23 -49 42 333 .0 0. 8 7. 4 5000 GS 333.0+00. 8 
21. 11 16 11 30 -50 33 332 .5 0. 2 28 408 KES32 
21. 12 16 11 30 -50 40 332 .4 0. 1 25.6 85 MSH 16-501 
21. 13 16 11 38 -50 32 55 332 .5 0. 2 40 408 AJG 043 
21. 14 16 11 48 -50 33 332 .5 0. 2 25 1000 DKM332.5+00. 1 
21. IS 16 11 50 -50 34 332 .5 0. 1 9. 7 1410 BM 332.4+00. 1 
21. 16 16 11 58 -50 33 332 .5 0. 1 14 2650 MB 1611-50 
21. 17 16 12 11 -50 35 332 .5 0. 1 11 5000 GS 332.5+00. 0 
21. 18 16 12 11. 9 -50 35 37 332 .5 0. 1 40 408 SG 332.5+00. 0 
21. 19 16 12 24 -48 42 333 .8 1. 4 125 30 JF 333.8+1.4 
21. 20 16 13 16. 4 -50 39 52 332 .6 -0. 2 9 408 SG 332.5-00.-1 
21. 21 16 13 17 -50 40 332 .6 -0. 2 2. 3 5000 GS 332.5-00. 1 
21. 22 16 14 50 -50 12 333 .1 0. 1 365 5000 GS 333.0+00. 0 
21. 23 16 14 54. 9 -50 11 49 333 .1 0. 1 408 SG 333.1+00. 0 
21. 24 16 15 0. 9 -50 36 2 332 .8 -0. 3 408 SG 332.8-00. 3 
21. 25 16 15 37. 4 -50 1 45 333 .3 0. 1 7 408 SG 333.3+00. 1 
21. 26 16 15 42 -50 2 333 .3 0. 1 365 5000 GS 333.3+00. 1 
21. 27 16 15 51 -50 12 333 .2 -0. 1 4 2650 MB 1615-50 
21. 28 16 15 56 -50 12 333 .2 -0. 1 365 5000 GS 333.2-00. 1 
21. 29 16 15 58. 4 -50 11 53 333 .2 -0. 1 6. 0 408 SG 333.2-00. 1 
21. 30 16 16 18 -50 28 333 .1 -0. 4 197 408 K0M36 
21. 31 16 17 43 -50 19 333 .3 -0. 4 60 2650 MB 1617-50.3 
21. 32 16 17 43 -50 20 333 .3 -0. 4 200 408 KES36 
21. 33 16 17 43 -50 20 333 .3 -0. 4 35. 2 5000 GM 25 
21. 34 16 17 45 -50 19 333 .3 -0. 4 365 5000 GS 333.3-00. 4 
21. 35 16 17 47. 9 -50 18 25 333 .4 -0. 4 6. 1 408 SG 333.3-00. 4 
21. 36 16 17 48. 3 -49 53 25 333 .7 -0. 1 55 408 SG 333.6-00. 1 
21. 37 16 17 53 -49 53 333 .7 -0. 1 365 5000 GS 333.6-00. 1 
21. 38 16 18 4 -48 36 334 .6 0. 9 408 AG G334.5+0. 8 
21. 39 16 18 15 -49 58 333 .6 -0. 2 60 1410 BM 333.6-00. 2 
21. 40 16 18 23 -49 58 333 .7 -0. 3 122 2650 MB 1618-49 
21. 41 16 18 23 -49 59 333 .7 -0. 3 80. 9 5000 GM 26 
21. 42 16 18 2Z -50 0 333 .6 -0. 3 200 408 KES37 
21. 43 16 18 24. 9 -49 58 21 333 .7 -0. 3 55 408 SG 333.6-00. 2 
21. 48 16 18 26 -49 58 333 .7 -0. 3 365 5000 GS 333.6-00. 2 
21. 49 16 19 20 -49 29 334 .1 0. 1 11. 4 408 AG G334.1+0. 0 
21. 50 16 19 54 -49 28 334 .2 -0. 1 76 85 MSH 16-403 
******************************************************************* 
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TABLE B.la continued 
RA DEC 1 b FLUX FREQ REF 
RADIO SOURCES NEAR 2CG342-02 1=342.9 b=-2.5 RA=17 05 DEC=-44.5 
THE 90% CONFIDENCE ERROR CIRCLE HAS RADIUS R=1.0 DEGREES 
******************************************************************* 
22 .01 16 58 57. 2 -44 51 35 342 .0 -2 .0 82 408 CC 341-01.9 
22 .02 16 59 11. 3 -44 2 50 342 .7 -1 .5 84 408 CC 342-01.5 
22 .03 17 1 0 -44 20 342 .7 -2 .0 30 960 CTB 36 
22 .04 17 1 28. 4 -45 27 8 341 .8 -2 .7 95 408 CC 341-02.7 
22 .05 17 3 48 -44 24 342 .9 -2 .4 25 85 MSH 17-401 
22 .06 17 4 20 -44 15 343 .1 -2 .4 45 408 K0M43 
******************************************************************* 
RADIO SOURCES NEAR 2CG356+00 1=356.5 b=0.3 RA=17 33 DEC=-31.7 
THE 90% CONFIDENCE ERROR CIRCLE HAS RADIUS R=1.0 DEGREES 
******************************************************************* 
24. 01 17 26 30. 5 -31 15 41 356.2 1.7 82 408 CC 356+01.6 
24. 02 17 28 18 -32 36 355.3 0.6 408 LMH 04 
24. 03 17 28 18 -32 43 355.2 0.6 95 85 MSH 17-308 
24. 04 17 30 8 -32 53 355.3 0.1 20 1410 SK355.2+00.1 
24. 05 17 30 9 -32 52 355.3 0.2 30 1000 DKM355.2+00.1 
24. 06 17 30 9 -32 52 355.3 0.2 15 
13 
2695 
5000 
ADG355.2+00.1 
24. 07 17 30 12 -32 52 355.3 0.1 9. 
3. 
07 
97 
2700 
5000 
PKS1730-328 
24. 08 17 30 15 -32 28 355.6 0.4 2 2650 BTD355.6+00.3 
24. 09 17 30 15 -32 36 355.5 0.3 100 610 MM 04 
24. 10 17 30 15 -32 54 355.3 0.1 20 2650 BTD355.2+00.1 
24. 11 17 30 18 -31 45 356.3 0.7 3 2650 &TD356.2+00.7 
24. 12 17 30 19 -31 46 356.2 0.7 4 2695 ADG356.2+00.7 
24. 13 17 30 23 -32 40 355.5 0.2 195 1420 MUL02 
24. 14 17 30 48 -32 42 355.5 0.1 260 1390 W23 
24. 15 17 30 54 -32 20 355.8 0.3 22 2700 AMWW 32 
24. 16 17 30 59. 1 -30 31 9 357.4 1.3 1. 85 408 ce 357+01.2 
24. 17 17 31 6 -32 36 355.6 0.1 50 408 LMH 05 
24. 18 17 31 43 -32 41 355.6 -0.1 1 2695 ADG355.6-00.1 
24. 19 17 31 46 -32 35 355.7 -0.1 2 2650 BTD355.7-00.0 
24. 20 17 32 24. 4 -32 17 4 356.0 0.1 90 408 CC 355+00.0 
24. 21 17 32 44 -31 58 356.4 0.2 8 1410 SK356.3+00.1 
24. 22 17 33 29 -31 40 356.7 0.2 2 2650 BTD356.6+00.2 
24. 23 17 33 33 -31 41 356.7 0.2 3 2695 ADG356.6+00.1 
24. 24 17 34 29. A -31 29 40 357.0 0.1 3. 44 408 ce 356+00.1 
24. 25 17 35 12 -30 47 357.6 0.4 4 1410 SK357.6+00.3 
24. 26 17 36 36 -30 50 357-8 0.1 165 85 MSH 17-309 
24. 27 17 36 45 -30 51 357.8 0.1 >40 610 MM 05 
24. 28 17 37 4 -30 56 20 357.7 -0.1 54. 2 408 AJG 068 
24. 29 17 37 5 -30 56 357.7 -0.1 28 1410 SK357.7-00.1 
24. 30 17 37 5 -30 56 357.7 -0.1 38 1000 DKM357.7-00.1 
24. 31 17 37 5 -30 56 357.7 -0.1 20 
16 
2695 
5000 
ADG357.7-00.1 
24. 32 17 37 9 -30 56 357.7 -0.1 17 2650 BTD357.7-00.1 
************************************************* ****************** 
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TABLE B.la continued 
RA DEC 1 b FLUX FREQ REF 
RADIO SOURCES NEAR 2CG359-00 1=359.5 b=-0.7 RA=17 44 DEC=-29.7 
THE 90% CONFIDENCE ERROR CIRCLE HAS RADIUS R=1.0 DEGREES 
******************************************************************* 
25. 01 17 40 12 -29 45 359.1 -0. 1 46 
35 
2695 
5000 
ADG359.0-00.0 
25. 02 17 41 22 -29 26 359.5 -0, 1 8000 DM 000.6-00.1 
25. 03 17 41 22 -29 26 359.5 -0. 1 20 
13 
2695 
5000 
ADG359.4-00.1 
25. 04 17 41 23 -29 26 359.5 -0. 1 23 2650 BTD359.4-00.1 
25. 05 17 41 24 -29 24 359.5 -0. 1 29 1000 DKM359.4-00.1 
25. 05 17 41 26 -29 26 359.5 -0. 1 9. 8 408 AJG 069 
25. 07 17 42 24 -28 54 0.1 0. 1 408 LMH 09 
25. 08 17 42 28 -28 58 360.0 -0. 1 8000 DM 000.0+00.0 
25. 09 17 42 28 -28 59 360.0 -0. 1 5007 MH 000.0-00.0 
25. 10 17 42 29 -28 58 360.0 -0. 1 294 
225 
2695 
5000 
ADGOOO.0-00.0 
25. 11 17 42 30 -28 54 0.1 -0. 1 610 MM 07 
25. 12 17 42 30 -28 59 360.0 -0. 1 360 2650 BTD359.9-00.0 
25. 13 17 42 34 -28 51 0.1 0. 1 8000 DM 000.1+00.0 
25. 14 17 42 34 -28 58 360.0 -0. 1 425 1410 SKOOO.0-00.0 
25. 15 17 42 35 -28 52 0.1 0. 1 1420 MUL03 
25. 16 17 42 36 -28 59 360.0 -0. 1 341 2700 AMWW 33 
25. 17 17 42 41 -29 19 359.7 -0. 3 2650 BTD359.7-00.3 
25. 18 17 42 42 -28 55 0.1 -0. 1 400 DGVW096 
25. 19 17 42 42 -28 56 0.1 -0. 1 3650 1390 W24 
25. 20 17 42 45 -28 48 0.2 0. 1 230 2650 BTDOOO.1-00.0 
25. 21 17 42 54 -28 50 0.2 .-0. 1 750 960 CTB 42 
25. 22 17 42 59 -28 47 0.2 -0. 1 8000 DM 000.2+00.0 
25. 23 17 43 8 -28 48 0.2 -0. 1 5007 MH 000.2-00.1 
25. 24 17 43 42 -28 41 0.4 -0. 2 4500 .85 MSH 17-213 
25. 25 17 43 47 -30 6 359.2 -0. 9 9 2650 BTD359.1-00.9 
25. 26 17 43 49 -28 29 0.6 -0. 1 8000 DM 000.5+00.0 
25. 27 17 44 0 -30 18 359.0 -1. 1 80 610 MM 06 
25. 28 17 44 2 -28 25 0.7 -0. 1 111 
101 
2695 
5000 
ADGOOO.6-00.0 
25. 29 17 44 2 -30 10 359.2 -1. 0 9 2695 ADG359.1-00.9 
25. 30 17 44 6 -28 27 0.6 -0. 1 5007 MH 000.6-00.1 
25. 31 17 44 7 -28 21 0.7 -0. 1 8000 DM 000.7+00.0 
25. 32 17 44 8 -28 24 0.7 -0. 1 76 2650 BTDOOO.6-00.0 
25. 33 17 44 17 -28 22 0.7 -0. 1 5007 MH 000.7-00.1 
25. 34 17 46 0.1 -29 23 7 0.1 -1. 0 .73 408 CC 000-00.9 
25. 35 17 46 24 -29 2 0.4 -0. 8 8 2650 BTDOOO.4-00.8 
25. 36 17 Al 5 -28 53 0.6 -0. 9 2 .5 2650 BTDOOO.6-00.9 
25. 37 17 47 6 -30 48 359.0 -1. 9 35 408 LMH 08 
******************************************************************* 
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TABLE B.lb 
SUMMARY OF SURVEYS 
CODE - Reference 
FREQ BEAM SIZE LIMIT COMMENTS 
ADG - Altenhoff et al. 1970 
5000 11 1 
AG - Greene 1972 
408 2.9X2.9 3.3 
AJG - Greene 1974 
408 2.9X2.9 1.6 
AMWW - Altenhoff et al. 1960 
2700 17X24 6 
BEN - Bennett 1963 
178 14X276 12.5 
BG - Fanti et al. 1974 
408 4.2X1.9 1.2 
BGE - Felli et al. 1977 
408 4.2X1140 12.5 
BK - Beard and Kerr 1969 
2650 14 1 
BM - Manchester 1969 
1410 14 1 
BTD - Beard et al. 1969 
2650 7.4 1 
B1 - Braccesi et al. 1965 
408 4X108 1.0 
B2 - Colla et al. 1970 
408 3X10 0.2 
B2.2 - Colla et al. 1972 
408 3X10 0.25 
B2.3 - Colla et al, 1973 
408 3X10 0.25 
CC - Clark and Clifford 1974 
408 2.86 0.60 
Maps; Galactic Plane 
Galactic Plane 
Maps; Galactic Plane 
Northern Galactic Plane 
Low Galctic Latitude 
Galactic Plane; Fan Beam 
Galactic Plane 1=27 to 28 
Galactic Plane 1= 281 to 355 
Galactic Plane 1= 345 to 5 
Near Gal Plane; <3' size 
CR - Crowther 1966 
178 23X18 2.0 
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TABLE B.lb continued 
LIMIT COMMENTS 
CODE - Reference 
FREQ BEAM SIZE 
CTA - Harris and Roberts 1960 
960 48 2.4 
CTB - Wilson and Bolton 1960 
960 48 2.0 
CTD - Kellerman and Read 1965 
1421 33 
DA - Gait and Kennedy 1968 
1420 36 
DCC - Day et al. 1972 
2700 8.2 
DGVW - Davis et al. 1965 
400 132X102 
DKM - Milne 1970 
1000 
DM - Downes and Maxwell 1966 
8000 4.2 
DR - Downes and Rinehart 1966 
0.5 
1.0 
0.2 
1.0 
1.9 
5000 11 
DTG - Day et al. 1969 
2700 8.2 
DWC - Day et al. 1970 
2700 8.2 
FJ - Finlay and Jones 1973 
30 48 
GD - Goss and Day 1970 
2700 8 
8 
1 
31 
0.7 
GM - Gardner and Marimoto 1968 
5000 4.2 7.8 
GN - Nicolson 1965 
960 48 13 
GS - Goss and Shaver 1970 
5000 4 0.56 
Galactic Plane 
Maps;Plane I=46to61/190to290 
Galactic Plane SNR 
Galctic Center; No Fluxes 
Cygnus X Region 
Galactic Plane 1= 307to330 
Galctic Plane 1= 37 to 47 
Maps; Gal Plane 1= 6 to 26 
Southern HII Regions 
South Galactic Plane 
Maps; Galactic Plane 
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TABLE B.lb 
LIMIT 
0 . 2  
continued 
COMMENTS 
CODE - Reference 
FREQ BEAM SIZE 
H - Hoglund 1967 
750 19 
1410 10 
HBMR - Higgs et al. 1964 
3200 38 10 
HIG - Higgs 1966 
6600 18 .5 
HIGG - Higgs 1977 
10600 2.7 7 
HR - Hughes and Rutledge 1969 
3300 9.0X8.8 1.18 
JF - Jones and Finlay 1974 
30 48X48 31 
KES - Kesteven 1968 
408 1.4X252 4 
KLNS - Kuzitiin et al. 1961 
3130 19 4 
KOM - Komesaroff 1966 
408 48 10 
LHE - Long et al. 1963 
408 24X216 2.5 
LMH - Large et al. 1961 
408 40X50 20 
MA - Brandie and Bridle 1974 
1400 5.9 0.13 
MB - Beard 1966 
2650 8 2 
MCI - Davies et al. 1973 
408 2.62X2.86 0 . 1  
MH - Mezger and Henderson 1967 
5007 6.40 8.6 
MM - Moran 1965 
610 30 
Cygnus X Region 
Cygnus X Region 
Galactic Plane 1= 32 to 49 
Galactic Plane 
Galactic Plane 1= 40 to 180 
South Galactic Plane 
Galactic Plane l=351to53 
12 
Molongo Catalog 
Galactic HII Regions 
Galactic Plane 
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TABLE B.lb continued 
CODE - Reference 
FREQ BEAM SIZE LIMIT COMMENTS 
MSH - Mills et al. 1958, 1960, 1961 
86 50 5.0 
MUL - Muller 1959 
1420 33X41 11.6 Cygnus Orion Sagittarius 
NRAO - Pauliny-Toth et al. 1966 
750 20 0.4 
1400 10 0.2 
OB to OZ - Fitch et al. 1969; Ehman et al. 1970,1974; Rinsland 
et al. 1974 
1415 10X40 0.12 Ohio State Survey 
PD - Pike and Drake 1964 
1414 10 7 Cygnus X Region 
PK - Higgs 1971 
10630 2.7 0.01 Planetary Nebulae 
6630 4.0 
3240 8.4 
PKS - Bolton et al. 1964, 1975; Day et al. 1966; Shiimnins and 
Day 1968; Ekers 1969; Shiimnins and Bolton 1974 
408 48 0.4 Parkes Survey 
2700 7.9 0.1 
PRF - Foster 1961 
178 14X276 6 
R - Winzer 1971 
3240 8.8 1 Cygnus X Complex 
RICH - Richter 1964 
559 60 15 
RMHB - Raghavarad et al 1965 
3200 38 10 
SG - Shaver and Goss 1970 
408 2.7X2.9 0.7 
SK - Sinclair and Kerr 1971 
1410 14 2 
S4 - Pauliny-Toth et al. 1978 
5000 2.7 0.13 
Maps; Galactic Plane 
Galactic Plane 1=355 to 5 
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TABLE B.lb continued 
CODE - Reference 
FREQ BEAM SIZE LIMIT COMMENTS 
TD - Thomas and Day 1969 
2650 8.2 1 Galactic Plane 
VRO - Dickel et al. 1967, 1971; Webb and Dickel 1971 
610 16X22 0.8 
W - Westerhout 1958 
1390 34 2.2 Galactic Plane 
YW - Dickel et al. 1966 
610 16 1.0 Cygnus X Region 
3CREV - Bennet 1962 
178 9 
4C - Pilkington and Scott 1965; Gower et al. 1967 
178 15X7.5 2.0 Interferometer 
4CP - Caswell 1966 
178 23X18 2.0 
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TABLE B.2 
PULSARS NEAR GAMMA-RAY SOURCES 
RA dec 1 b dist P dP/dt dE/dt 
1950. 0 kpc s E-15 log 
GAMMA-RAY SOURCE 2CG006-00 
************************************************************** 
17 54 -24 21 5.3 +0.0 4.2 0.23 13.0 34.61 
GAMMA-RAY SOURCE 2CG054+01 
************************************************************** 
19 18 52.6 + 19 43 02 53.9 +2.7 5.4 0.8210 0. 895 31 .81 
19 19 40 +20 00 54.2 +2.6 2.1 0.7667 
19 20 08 +20 10 54.4 +2.6 6.7 1.1728 
19 22 30 +20 33 55.0 +2.3 7.0 2.2378 2. 09 28 .06 
19 24 16 + 19 20 54.1 + 1.4 14.0 1.3460 
19 25 00 + 18 50 53.8 + 1.0 7.3 0.4828 
19 25 27 + 18 50 53.8 +0.9 2.4 0.2983 
19 26 58 + 18 40 53.9 +0.5 2.8 1.2205 
GAMMA-RAY SOURCE 2CG065+00 
************************************************************** 
19 52 21.9 +29 15 22 65.9+0.8 0.2 0.4267 .002 30.01 
19 53 26,7 +29 00 42 65.8+0.4 3.5 0.0062 <0.58 <38.0 
GAMMA-RAY SOURCE 2CG184-05 
****************** V******************************************* 
05 31 31.4 +21 58 54 184.6 -5.8 2.0 0.0331 422.439 38.67 
GAMMA-RAY SOURCE 2CG235-01 
************************************************************** 
07 27 19.4 -18 30 25 233.8 -0.3 1.5 0.5102 18.948 33.76 
GAMMA-RAY SOURCE 2CG263-02 
************************************************************** 
08 33 39.3 -45 00 10 263.6 -2.8 0.5 0.0892 124.687 36.85 
GAMMA-RAY SOURCE 2CG288-00 
************************************************************** 
10 44 19.5 -57 58 02 287.1 +0.7 7.1 0.3694 1.144 32.96 
GAMMA-RAY SOURCE 2CG311+01 
************************************************************** 
13 53 50 -62 13 310.5 -0.6 12.0 0.4557 
13 58 10.5 -63 43 17 310.6 -2.1 2.9 0.8428 16.905 33.05 
GAMMA-RAY SOURCE 2CG359-00 
************************************************************** 
15 42 42 -30 38 358.6 -0.9 2.2 0.4193 10.7 33.94 
